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宜N 甘汲O DU C 甘昔O N
Carbo xyleste ra s e s(C ESs, EC･3･l･l･1) a x e
m e mbe rs ofa n α,β-hydr olas e-foldsupe rfa mily[1,
2] a nd they sho w ubiquito u stis su e e xpr es sio n
profiles with the highlev els of C E Sa ctivity
pre s e ntintheliv e r, kidn ey a nd s mall inte stin ein
v ario u s m am mals 【1】. C ESs e xhibit s uch br o ad
s ubstmte specificitie s to w ards e ndoge n o us a nd
x e n obiotic che micalsthat they are tbo ugbtto play
impo rta ntr olesin both dr ug a nd lip dm etabolis m･
Se veral C E Sis o zym e sha v ebe e nide ntified in
m am mals, and ithasbe e npr opo s edthatthey c a n
be clas sified into fo u rfamilies a c c o rding to
ho m ologies oftheir amin o a cids equ e n c es[1]･ In
the field of drug m etabolis m, C E Ss are
c ategoriz ed a sphase-Idrug- m etabolizinge n zym es･
T hey c a nhydr olyz;eeste r-drugs, s u ch as c o c ain e,
her oin and m eperidin e[3, 4] and este r- pF Odrugs,
s uch as angiote n sin-c o n vertl ng e n Zym einhibito rs
(tem oc april, cila z april, quin april, a nd imidapri1)
[5] [6] and anti-tu m o rdrugs (C F r-1l and
Capecitabin) 【7, 8]. In this r egaJd, itis tho ught
that C E Ss a 陀 O n e Ofthe m ajo rdete r min a ntsfor
pha r m a c okin etics a ndpha m a c odyn amic s ofester
-
drugs. Actually,ithasbe e n sho w nthatdog C E Sl
is o zym e w a sin v olv ed in apulm o n a ry first
-pas s
effe ctin the dispo sitio n of a pr opr a n oll ester
prodrug [9]. It ha s als o been sho w nthat the
expr e ssio n lev el of hu m a nC E S is o zym e w as
c or related withthe c o n v e rsio n r atio of C F r-llto
S N-38, the a ctiv e m etabolite, wbicb is 也o ugbtto
be a key stepfo rthe che m other apeutic a ctio n of
this a nti-tum o rdrug[10, ll]. A m ajority of C E S
is o zym esinv olved in drug m etabolis m belo ngsto
eithe rC ES lfamilyo rCES 2family, a ndther e ar e
gr e at diffe re n ces betw e e n their s ubstr ate
specificties. Fo r e x ample, the pr eferential
s ubstrate sfo r ahu m a nC ES l familyis ozym e [1,
12] ar etho ught to be c o mpo u nds e sterified by
s m allalc ohol m oiety, while tho s efわr ahu m a n
CES2 family is o zym e are tho ught to be
c o mpo u nds e sterified by relativ elylarge alc ohol
m oiety[2-4, 6]. Ithasbe e n als okn o w nthats o m e
specie sdiffer e n c e s e xist withinthe CES lo rC E S2
familyis o zym e s【13-17]. Thes eFindings s ugge st
thatitisimpo rta nt to char a cteriz eboth hu m a n a nd
anim al C E S is o zym e sto u nde rsta nd thefu n ction
ofC E Ssindrug m etabolis m･
On the other hand, re c e nt studies ha ve
s ugge sted that C ESs a r ein v olv ed in lipid
m etabolis m be c a u s eitha sbee nsho w nthat a cyト
CoA [18, 19], a cylc a mitin e[20,2 1】, a cylglyc e r ol
【14】, aJld pho spholipid【22]callbe s ubstrate sfo r
C ESs. It has r epo rtedthat m ouse tria cylglyce r ol
hydr olas e (m T OH), ide ntical to mC E S l,
c o ntributed to the ho r m o n e s e n sitiv e lipa s か
indepe nde nt lipolytic a ctivity in the white
addipo s etiss u e[23].Ithasbee}n als oclaimedthat
mT G H /mC ES Ia cts a s a m a)o rmic r o s o mallipas e
thatis in v olv ed in v e ry lo w
-den sitylipopr otein
as s e mblypathw ayinhepato cyte[24, 25]･ Hu m aJI
C ES Iw asals o ter m ed n e utral chole ster oleste r
hydr ola se (C E H), a nd it ha s be e n sho w nthat
o v e r e xpr es sio n or hu m a n C ES l/CEH in
agmA C A T Ic ells r e s ultedin the redu ctio nin the
a m o unt or
e ster【26].
●
S ugge sti ng
m etabolis m
lipid dr oplets c o ntain lng Chole steryl
ln this w ay experim e ntal e vide n c e s
也e impoぬ n c e or C E Ss to lipid
ha v ebe en a c c u m ulated, but the
nu mber ofthe e vide n c e sare stillimited. T hu s,
fu rther studie s ar e abs olutely required to clarify
trueimpa cts of C ESs o nlipid m etabolis m･
T be studies aim ed at elu cidatio n or 血e
m echa nis m c o ntr ollingthe C E Sge ne tr an S cnpt1 0 n
w o uld pr o vide impo rta nt info r matio n to the
studie sfor drug and lip dm etabolis m sin which
c E Ss are in v olv ed. A ltho ugh critical roles of
C E Ss in lipid m etabolis m r e m ain u nkn o w n,
e xpr e ssio nprofile s ofthe C E Sge n e sho uldr eflect
their physiologlC al functio n s･ In ad dito n, it has
be e nkn o w nthat the indu ction of e xpr e ssio n of
drug- m etabolizinge n zym e sbychemic alsis o n e of
the m ain re as o n sfo rdr ug
-dr ugI nte r a ctio n c a u sing
adverse e汀e cts and Fo r the redu ctio n in
pha r m a c ologic alpote n cie s ofdr ugs[27, 28Land
CES ha sbe e n r epo rted to beinduc¢d by so m e
chemic als･ Fo r e x ample, rodent CESis o zym e(s)
w asindu c ed by phenoba rbital[29], amin opyrin e
[3 0】, peroxis o m epr olifer ato rs(clofibrate, di(2-
ethylhe xyl)phth alate, a nd pe rflu orin ated fatty
a cids) [20, 3 1, 32]. Ho w e v e r. the re ar elimited
repo rts sho w i ng m ole c ula r m e cha nism sby which
the CESge n etr ans criptio nis r egulated. Therefo re,
itis impo rta nt to clarify the se m echanis m sfo r
fully understa ndingthefu n ctio n s of CESsindr ug
弧dlipid m ぬ bolisms.
T he pu rpo set of the pr e s e nt study w asto
elu cidatethefu n ctio n s ofCESsin dr ug a ndlipid
m etabolis m a nd the m e ch孤is m s c o ntr ollins the
CES ge n etr a n s criptio n･ In the chapterI, w e
r epo rted the r es qlts of ide ntification a nd
cha r a cteriz atio n ofthr e e r ode nts CESs that w ere
indu c edbytr e atm e nt of x e n obiotics. In chapterII,
fo c u sl ng O nthe m olユ･S e CES2 iso zym e, m CES2,
w ¢ char a cteriz ed its pr o m ote r r eg1 0 n. We als o
sho w ed s o m e e xpe n mental datathat mCES2ge n e
tra n s criptio n w a s affe cted by physiological
PrC C eS･SeS
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de v由pm e ntof銑dru旦･Sin c ¢pha m a c okin e加 a nd
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-pr Odr ugs obtain ed
fr o m pr 母Clinic al e x野n mC ntS 朋Ing V ado u s
animals 脈 酢n C Tally tlS昏d 舶 refe re n c esfo r
htJm aXI Studies, it is impo rta nt to cladfy the
bio chemie al p和PCrtie s of CES is 蛇ym e S Of
既PCrl m e ntd 弧im als stlCha s s ubstfaぬ ざPeCificty,
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Sc v 昏r alm o tlS eCESi淫0 芸ym 鰯ha v ebe e nide ntified
【1, 20, 33-3 7】. How ¢v 母r, info m atio n o nthe
in v olv e m e ntofm oLkS eCESsindr噸 m etabolis mis
li miteid･ We hav e r epo rted that e xpo sur e of
C57BLj6 mic¢ to di(2確thylh既yl) phthalate
(D E ‥P), a per o由昏Om e Pr Olifer ato r,in their diet
rc sdtcd in 執 S鳩nificaJltincre a s einthe a m o u nt of
C ES pr ote>in c o n c omitant wi thanin cr e a sein the
le v el of hydrolydc activityto w a rd x e n obiotic sin
m o u s e Iiv er m lCrO S O m e S [17]. Ou r
im m u n o chemic al study sugge sted that s ev e ral
m o u s ec E S lis o ヱym e S We r eindu c ed by D EHP
treatm ent, buttheyr e main edtobeide ntified･
Thepu rpo s e ofthis study wa stoide ntifym o u s e
C ES 1is o zym e sindu c edbyD EHP･ P d fic atio n,
CD N Aclo m ng andfu n ctio nale xpr e ssio n r e v eald
thato n e ofthe mis mC E S l. Ou rdataals o sho w ed
that m C E S 1c o ntributes slgnific a ntlytohydr olysIS
ofte m o c apri1, all e Ste r
- Prd rugofa na ngiote rlSin-
c o n v e rtl ng e n Zym einhibito r,in m o u seliv er
mic r o s o m e s. T hu s
,
w epr o videdu s eful
info rm atio nfo r studyofthe metabolis m and
dispo s lt10 n S Ofe ster-prodr ugs as w el as este r
-
dmgs.
トトⅠI Methods
AJlbn曲 a ndpTePW alio n ofsolub地 edPa cFio n of桝O u SC
liver TTltC押SO meS
Å血加 male C57B LJ6 mi¢c(JapanS L C ln c.,Shi糾d払 ,
Japan)of 8w eeksin ag¢ were u sedinthis 紬 dyさTh¢ mice
w 脈 fed ah bor atQryanim alchow(C払2,JapanCIca,
Tokyo,Japan)withorwi 也otlt2%(w!w)D 滋 野asdescribed
prBVi肌 威y【17]. 払 chgro upco nsitedofthre¢血 雄 ･ Ⅵ 過
mice W 鮮 S aCrifi6蝿 and ぬelivers w er e r¢m o v 6d, w eighed
弧dp6rfus ed wiぬl･lS % KCl･ M icr w o m cs w ereis Qla暮ed by
difrc m ndalc atdftlgationasd郎Crit dpr8 Vio由1y[29] 姐d
w ere SOlubilized wiぬ0.5% 血dic a cまd 主n LO 地M T ds-HCl
bllqer(押 8.O). Themixtt m w as ccndftI酢daLt10,0 00x g
払r30 血, a ndthe sqper mta ntw as re m ov edandu sed few
fouo wingcxI光r m CrEtSA Solubihヱed fra cdo 耶 Ofco n加l 弧 d
D E 肝-tre ated m o us elivermicro so m 8S arerC'f6rrCdtohere
ascontml Ms 弧dDE H P Ms, r e specdvdy. 恥 血
co n cenh71也o 耶 Weredetermin ed byu singa Bio- Rad Dc
protein Assaykit伸io-RadL 軸 torics.Hercdes, CA,
u.s.A). A ls血 seqtN3ntPr Wdtxrcs w crcpefo mcd at0 -
4oC.
pu r抑 atio n ofnwu seC ES)Po mD E H P- 加 ated C57BLJ6
TnO uS eliver TTLic ro so m es
p mi ficado nofthe C ES iso ヱym ethatcanhydrolyヱe
te m 併 apdfro mD E 肝-tr e ated C57 B L/6m otlSCliver w as
carriedo utessentiallyacc wdingtothepr wedtq e repo rted in
o1叩 r eViou spark:r[29]･ Allsteps w ere carriedoutat4
oC,
a ndthepeak fra cdo nw asdetected by p
- nitrophenylacctat鞍
(fN PA)hydrolas e activity･ Microso m es w ere solubilizcd in
l 00m M T risヰ虻二I btdfer,pH8.0, c o ntaining1 %(w/v)
s apo nin, ataf＋inalprotein c o ncentratio n of 2･7 mg/ mi･ The
s olutio nw as stirred for60 min at4
oC andthen c entrifugedat
105,0 0x gfor60 min･ The supem atantw asfracho nated by
a m m oninⅡ1 Sd fatepreci由一atio n. The30-70 %(w/v)
precipitatio n w as restspended in10m M T ris-H Cl btdrer(pH
8･0)･ The s ohユtio n w asgel-filteredo n aSephadexG -150
c olu u(2･6 x90c m)(Am ersha mBioscien ce, Pis cataw ay,
N J, U･S･A ･)eqd librated with 10m M Tris- H Cl bd fer(pH
8･0)･ Tw ope ak fra c也ons(hghm olecular w eightandlo w
m olec ular w cight)w crcobtain ed･ Thehighm olecdar w eight
fra cdo n w as appliedto acolⅦ m (3.0x 8.0 c m)of W hatm an
D ET52(Maidsto n e, U ･K)thathad be en eq血Iibrated with 10
m M Tris-H Clbd fera)H 8.0). The c o山m n w as w ashed wi dl
the s ameblユ肋 r and then eluted with a stepwis eNaECl
gradientin 10m M T ris- H Cl b d fer(pH 8.0). Onepe ak
fracdo n w as c olle cted byelud m with 60m M NaCl･ The peak
frac丘on w aspcx)ledand dialyヱed fcq2 4 hr againstthrec
changes of 2 正ters Qf25 血M bis- Tris-H Cl bllf?fcr(ptI 6.5).
T hedialy2:ed fn cdon w as apphedto a coh m (1.0Ⅹ30cm)
ofchrom atQfo ctwing gel P B E 96(Amersham Bioscien ce).
eqtdBbratcd 舶 ぬ25n M his-T ds-H Clbarer(坪Ⅰ6.5). The
acdvcfrac血)A w as elⅦf d with270血1of PQlybqffer74
(Amershan Bios cien ce)a nd dntltedata ra丘o of1:8. ThepH
of thefrac也onw as adjtlStedto4.5 withH Cl. T he activ e
fra cdo n w asp -ledand dialyzed for24 hr against tw o
changes-of2liters of2 0znM T is- H Cl bldrer(pH7.6)
co ntaimingO･l ”NaCl, 0･l m M MgCl2andO･5 m M CaCl2 .
T hedialyヱed fracdon w as appliedto a colu 皿 (l.5 x5.0c m)
of Co nんSepharose(Amersha mBios cien c e)andeqldlibr ated
with 20 m M T ds-Ⅰ氾1 bd re 岬 7･6)c oBtaining0.1 M NaCl,
0
･1 m M MgC12 and O･5 m M CaC12. T he c oh m w aswashed
with 20m M Tis-Ⅰ虻1 btdfer(坪Ⅰ7.6)c oⅡtainhg0.5M NaCl,
0･1 m M MgC12a ndO･5 m M CaCl2andstlbscqt m dyeltlted
with 20m M T ds-H Cl btdrer(坪Ⅰ7.6)c ontaining0.2 Mα -
m ethylm a m o side･0･I M NaCl,0･l 血 M MgC12and0.5 m M
CaC12･ T もefra c也on showing a sin如 proteinband in S D S-
P A G Ew ere c o mbin ed
･ T hepd fled is o zyn c,ter med m o us e
C E Sl, c od d besto redat-80oC for s ev er alm mths without
lo ss ofen zyn e a ctivity･
Prepa rauoT1 0fa 封tibodt
'
e s
Amtitxd es againstpurified CES Pl, apq cin eC E S
iso zym e[7]. w er e rais edin maleJapan es e white rabbits(2.5
- 310kginb uy w eight)a cc ordingto aprevio uslydes cri b d
procc血汀e[2 9]. Anti-C ES R Lla ndb des and and- C ES D I
an也bodies w crcpreparedaspre vio uslydescritN3di1 4,I9】.
T helgG fra cdo n ofandseru mw 鵬 P血瓜edfr o m whole
antibodies byn sing a托Trap 伽 teinA t 肝(Am ersham
Bios cienc e)and aP D-10colux m(Am crsha mBios ciencc)
ac ordingto m antdTactlXrCr
'
sproto col.
Deter min atio n ofhydrvlaFe a CtiviOI
p- Nitrq phenylestcrs(柵 esters)w erefro mthefollo wing
S O Ⅶ℃eS:PN FA,p-血trophenylbtJtylate(於 偶),p-
nitrq)henylvderatc( 脚 ),p一山trophenyhe謎 n O ate(掛野均,
p- nitrophenylo clan o ale( ㈹ ), 姐 dp-nitrqphenylla uraI¢
即 L)w erefr o mNacalai Tesq聡 (Kyoto, 軸 触),P-
nitrqphcnylpropio n atc 肺 肝p)w asfm m W hko Pw c
Chemicals(Osaka,Jap弧),andp-ni叫 触nylde c 弧 O ate
(汁肝D)w asfro mSigm a(Sf. b uis. M O, U,S.A).
Ftydrolysis of rW esters w asdc 細 ぬ甜 colodm 鐙tricdyin
50 血M 竹is- H Cl bd er 脚 8.0)杜t300C by n e astxdngthe
a m ot ntofp- ni帆甲奴ndLrdeasedac c qding ぬ ぬc m ethod of
ぬis血 P8]. T be 飢 血strate co n ce nbd on of 打 払 fq kinedc
studyrangedfr om 10to 6 00FL ”, a ndthatofotherp-
mitrqphe n olestersfq dctcrmin ad皿 Of hydroly鮎 批tivity
w as5 0jF ” .
Btltannicain cw as obtain ed fro mHo 耽hstA G(取 組 蜘 rt,
F R O)･ Butami 1ican ehydrolas e acdvity w as also dete min ed
byspectrophob n Bbic an alysisin50m M T ds-H Cl bluer
(pH 8･6),0･2 25 % 血Qlic acid, a nd 9.0 %glycerolas
pre viol旭1ydescri 加d[14]. T he substrate co n ce ntrado n of
bⅦtad icain efq kine血 sttldyranged fro m62･5” ” to l･5
m M.
Tem M Pril hydmlase a ctivity w as assayedin 50m M
H Ⅲ屯S btdrer(pH 7･4), a ndteⅡl 批 apri1at, a m etabolite of
tem mpril, w a s a nalyzed byuslngthefbllo w lng‡肌 C
m eth d[39]withslightm d ific a也 耽 ぷ.
'
m ef R Csyste m
co nsistedofa m odel L-60 WpⅧmp(托ta chi, Tokyo,Japan),
a m odel L 4 ∝氾H U V detector(沌tachi), a m odel A S-2 00 0
atltOS a mPler(托ta chi),a m odel D-2 伽 integrator(托tachi),
a nda4･6 冗 150m mY MC-Pack 円1A 峨 colu m n(YM C,
Tbkyo, Jap an)･ T he m obilephase c o nsistedof0.24 %
phosphoric a cid- a c eto nitri1e(68:3 2, Ⅴ/v)and w asdeliv ered
ataflo wrate ofO･7 mi / min･ Te m o caprilat w asdete cted ata
w avel ngth of 233 n m･ A c alibrado n cuw e w asgen erated
from O･5to 100〟 M bypro cesslngthe authe ntic sta ndBLFd
昏ub浮扱 附 throughぬ母 en触 p粍蛤ed 聯 . Clo庁bric acid
(Sigm a)w as 脱daB anin
l
馳 m al ぬ ndard･ 1も粗 O C噺l 弧d
馳m OCaPrdatw erekindlyobtain ed fro mDr･ 1もshihikolkeda,
An alyti¢aland M 紬 bdli¢Res¢肘℃h Ⅰ』bQratOries,Sankyo
Co. ,Tokyo､Jap 弧 The sBbstrate co nc entra舶n ofte m o ¢april
fq kixkCtic studyrangedfm m 糾fiM ぬ 300JJ M.
SpecirlC &Ctivitie与 Of CESto w ard払IIs曲 strates usedw ¢re
express¢diAter m s Ofぬe 弧 0ⅦtOfsubstr atchydrolyzcd in
l血n Ⅶ ぬ 昏PeCiFxedc飽 鵬 弧 S. 逸 脱ym昏kine触
parw tersw ¢rB eStixxl乱蛎d1威喝 孔 ¢ 叩 触 program
(伽ItaO 柑紳 v cr4烏 SⅠ唱S Ⅰ批 暮 , C 地相O.王L)design ed for
Ron-1izIC ar re 即 急Si孤 独 ぬy澄i澄 a S血 祭ぼibedprBViol格Iy[40】.
払 ch m eankin8鮎 y 軌l槻 W aSthe 孔V era酢 Of 也reeindividuぬ
e xpen m組,tS With 虫 乱D暮 Sぬd組t
'
sE･t 蛸 w aspe血 m edto
deter miB 8Significanc e ofdiqere 虻 昏bctw een紬 o grows. P
v al憾 1鰯 ぬ独 0.O5 w 儲捗 tak# nぬ be significant.
Ihhi如tioT! a ss aybyusing spec紳 Z9G
Inhibi吐血 Of hydmlas e activitybyusi喝 乳 SPedficⅠgG
w asp d o m ¢d&c c ording ぬ thBf耶 搬 血 柁 de昏Cdbed
preyio 耶Iy【17】wiぬshdltm Odific&ti 弧 Co ntrQI Ms(A = 3)
andD甜 P Ms(A = 3)w 脚in cubah由 withco 政和lor
昏PedficlgG(威山野 弧 也-C BSDl ⅠgO or an也･C E S 肌l ⅠgG)
(0.7 5mg)fw 3 0 min at37
oCサa ndthe 血 tt耶 S W CrCleftfor
24 hr at4 0C. T hcn 且托otein A Sepham se4FastFlo w
(AmcrshaJnBios cien c e)w its ad 血dto 血c mixttxrc. After
in 仇血 tio n o nicefo r o ne'hou r.the mixttxrc w as ccnbiftlged
f加 10 血&t20,O Wx g･ Tl旭 Slq* rn at ntW as rem ov edand
used fu adetc min a也o n of hydrohs e activityasdescritx:a
abo v e.
N -Le r miT7alsequ e n ce s ofTT10 uS eC E SI
N -te minalamin o add sequ enc es of m otLSeC ES Iw ere
dcte m血 ed by u 凱ng a 払ta chi C-8 知OatltO Ⅱ払tic 血 o a cid
▼
a n alyzer(沌tachi). A min o a cids w ere seq批 nCCd by
atltO Ⅱはted EdⅡ姐n dcgrada也 孤 tlSlng a m ∝le1 470Agas
-
phascsequ cn ccr(Applied Biosyste m s, Foster City, C A)with
an o n-line Spectra-Physics Model S 円l 00 Fr H 血o a
cid
a nalyzcr(Applied Biosyste m)asdes cri 加dpreviotdy[14】.
Antibodys cre eningofcD N A Eibra T7
Antibody scre¢ning ofa CD N A l紬rafy WasPCdo m ¢d as
described pre vio usly rl町 A 之AP CD N A library w as
co 払tm Ct¢d fr o m D 肝 -treated C57B LJ6m o 耶 ¢liv cr 孔md
w as s crc cn cd by an也-C E SRLlandbodics･ Binding orthis
rabbitpn m 紅け an也body to fusio npr oteinson 血tr00 en dose
o verlay w asdetec(ed withpero xidas e ヰ0耶 gatedgoat 姐 也-
r abbitlgG(Amersha m Bios ciczN=e). Binding ofthe seco nd
an也body w as vis u ah之¢d with diamin oben 2idineL CD N Å
fragm entsins erted into pha首e D N Aofpositiv¢ clo 批 S W ere
is olated by EcoRI digestio n and stlbcl孤 ed hto 払c
pBlu 鵬如iptS K(-) v e ctor. Tb¢ nn cleotidc sqtN n CeS w ere
●
deterd n ed 鳩 ng a Dye Terminato r Cycle S叩 馳C ug-
Q血ck Start 瓜t and C Eq2 00 0 D N A An alysis Syste m
Peckm aJICodt8r. Fulerton, C A, U ･S.A.) and w ere
c o血 med by s eqt m 仇ng atleast twic ein e ach dircc也 弧 ･
7 触¢D N A done obtain edw aB洗礼旺Ied mC ESi.
Ba culovirus- m ediated 呼 reSSZ
'
on of榊C ESlt
～
nSjPc曲
T he re co mbinaAtm C ES Iw ase xpressed in Sf9cellsby
耶 1喝 a B AG-T O
-B A C Ba cdo vin w王奴pressio nSys書cn
(bvitrogen. Calsbad, C A. , U .S A･)in acc wda A Cewiththe
direc舶 ms ofthe m an ufacttv er. T he CD N A inth¢cl血由g
v e ctor wasst加1on cd intothep払S T B A CIvectortLS mg
Ec oRIand alk alin ephosphatas c/ThepFh S T BA G1ve ctor
c ontaining m C ES Iw astr an sfo r m ed into D 技10Ba c ccns,
a nd this w asfollo w ed bytran sposid皿 Qfthein sertsinto
bacmidDN A. Li kewise, n 也l-r e C O mbin antbacmid D N A
(m uk)w asalsoprepared.T bc rec o mbin a ntandm 00k
ba cmidDN As w crc s epar atelytra4LSfected into Sf9c cus wi th
C乱⊥F E C rINr eagentOn vimgen),andthe yirus w as
haryested 72hrlater. T he cells w ere ccnbjfugedatI.7 00xg
for10 mintLeStO S eparate CellsaLndviru s･ The sqper mtant
co ntainingthe viru s w as storedat4
oC intheda血 with 5 %
fetal bo vin e se n Ⅱn tlnd tw ed forinfec也o n. Cells w ere
rou血elyinfectedwiththe viru s andw ereiharv ested 72 hr
afterinfec也on, w a shedtwic e withphosphate-buqeredsalin e,
a ndsto red 一 部 oCtlnti hlSed. Lysates w ereprepared by
disr up血gdieCells witha s Qnic ato r l血I dieCells w ere
completelylysedasdetermin ed bymicr oscopy･ Cytosolof
sf9cells e xpresslng m C ES1 and thatof Sf9cellsinfe cted
with m ockviru s w erepreparedbystlbje chng the celllysate
to ce nbifugatio n(105,OOOxgfor60 min at4
oC), a nd 血ey
w ere n am ed m C ES 1/SfりandⅡ10 Ck/Sf9,r e spe c也v ely.
PnepaTafio n of TnO uS etissu ehoTnOge nateS a nd estera se
a ctiviOT SEaining aPeT ”ON-de7WLu Ting polya cT7la mide gel
electrophoresi(蝕 GE)
T山℃¢ 8- w e ek-old C 57B L/6m ale mice(Japan SL C, In c. ,
Shi2n Oka, Japan) w er e sacrificed, a nd min ctiss u es(加ab ,
dlymuS, hlng, heart, 狙v er, ki 血¢y, s mall intes血 e,
epididym al adipos e也ssu c aJld testis) w ere re m o v ed fro m
each 皿 OtlS e･ Tisstle Sa mples ofcqld w eights w 眺 P00led.
aJldthe hq m ogc n ate w asprepar ed using a Potter-EIv ehjem
hQm OgC血 crin St 汀(0.25 Msu crose, 1 m M E m and 10
m M T HE, pH 7･4)b d rer at 4
o C. The protein co n c entratio n
w asdetermin ed as descritN:d abo v e. Es(er as e activity
staining after n on-d 孤 aturing PA G Ew as pc 血 m ed
acc畔ding to the m ethod of Mentlein et al. [41】. α -
Naphtylac ctatc w as obtain ed fro m Tokyo Kas ei gokyo,
Japan)I D 此 rent am ot ns of h伽n Oge n ate W ere tW ed in this
m c血d to adju st ba nd intensity: 20jig Of brain. 15ygof
thymtlS, 7FL富 Of l印g, 10Jig Of he art, 1JLg Of liver, 5 ygof
kidn ey, 5JLg Ofs mall intesdn e, 2･5pgofadipo s e由stw, ad ld
10JLgOftes也s･ m C ESl/Sf9w as txsedas aposlt V e C Ontml･
Total RN A pTlePaTatio n a nd re versetraTLgCTip(io n-
potyr w as e chain Tle a Cb
'
o n(R T-PCR)
Thrc e8- we ek,old C 57B IJ6m ale mice(Ja[pa nS L C)w ere
s acri rlCed, a ndre m oved丘sstle Sa mples ofequalw eights
w erepwled. Total R N Aw as e xtracted fro m e ach 鮎s u e
(血ain, thymtlS, hng,he art, hv er,ki 血ey,s mall intes血 e,
epididym aladipo se也sstle andtes也s)usingT RIヱ01reagent
On vitroge n)･ To prev eJltCO ntamin adonwithgezIQmic D NA,
the extracts w eretreatedwith D NaseI(払ka mS 血IZ O,S higa,
JaLPa n)I St)bsequently, 血sトstr andCD N Aw as synthesized
fr o m2JLg Ofe ach R M byRe ady-To -Go R r-PCR Be ads
withan o山go(dr)prim er(Am ersha mBioscienc e). For
ccrtificatio n ofsynthesis ofequal am otns ofCD N A, P C R
w asperfo m cd(94
oC for15s
,
49 oCfor20s,68
oC fo r40s
aJld 35cycles)using asetofprim ersfordete ctio n ofm o u se
alyce raldehyde-p7wsphatedehydroge n ase(G A P D H)ge ne
expresion:s ens e,5
'
-T G C A C C A C C A A C T G C TIA -3
'
;aJld
細 かse nsら 5
'
- G G A:T G C A G G G A T G ÅT GrI C-3
'
, An other
setofpdm crs(se ns e, ぎー
G G C År C A A C A A G CA GACF m GGC 3
'
;扱md 弧 かseTISe,
5' - m G O T G A G GT AT C rG T C C C･3
'
)w astl.S adfor
P C R(94oC fq 15s,54
oCfor20浮,68
oC fq 3 5s 乱nd32
cycles)todete ct 桝 C ESlge批 e XPreSSio n. T hePFA S T B A C I
v ector co ntaining m C E SI¢D N Aw as us edas ate 叩Iatefor
apositiv e co ntr ol. The P C Rprodt)cfw asptMled bya
Wizard S V Oel且nd P C R Cl8 弧･uPSyste m(伽 m eg乱,
Madiso n
,
W I, U .S.A .)and w as c o胞 m 昏dto be 執fragm 組t
X
ofm C E SICD N A byD N As eqtwncmg. Ⅵle D N A多¢qtW nCC
w asdeter min ¢dasdes cdtN5d血bo v軌
Other m etho(お
SD S- plyacrylami degd elec 叫 耶 Sis(S O S-Ⅰ軌(it;)
w aspcrfo m ed wi血 10 %a crylami degel,a nd Wcste m
blot血g w a sperfor mdby 槻 ng aVe cfaStain 捌ite A B C kit
CVectorL 加mtories,In c. , Bt Klinga m e, C A, U.S.A.)
accqdingto m azlufactu rc{sdirccti u .
Mo us cC ES iso ヱyⅡ 鵬 , C BS M Lla nd C E S M L2, w er e
pt dled bythe sam e m e也 d asthatt Md fcqtheptd TICatio n
ofm ouseC ES1(押 perSin p托Pa mぬ n),
Chcmicals Ⅶ鋸d in this shdy w er e ofr cage nt gr ade and
obtain edfro m co Ⅱ止n £r Cials o urc es.
トトIII Res ults
ldu ctio n ofhydT Ola s e a ciivityin m o u s eliv e r
micT10S O m e SbyDEH P
Expo s u r e or C 57 B U 6mic eto D E H P intheir
dietr es ultedin slgnific antindu ctio n ofhydr ola se
a ctivityin m o u s eliv e rmic ro s om es(Fig. 1).
Co mpar ed with Co ntr olMs, DEH P Ms sho w ed
3.0-fold(P < 0.05)and 2.8-fold(P< 0.05)
in c r e as e sinthele v elof P N FA hydr olas e a ctiv lty
a ndte m o c april hydr ola se a ctivity,r e spectiv ely.
PuriPcatio n ofm o u s eC ESI+わ m D E H PJre ated
m o u s eliv e r mic T10 S O m e S a nd N-te r min ala min o
a cids equ e n c e s
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Ou rpu rificatio npr o c edu r esga v e apurified
CESiso zym eindic ated bya si ngleba ndinS D S-
FAOE(Fi卓. 2), and wetentativ elyn a m ed itm o u s e
C ES l.T heis o el¢ctr o nicpointofm o u 馳CES 1
w as5.8
,
which w a s estim atedby
ehr o m atofo e u sl ng. M o u 維CES1 w aspre s e ntas a
*
trim e rinSephade xG -150c olu m n
chro m atography(data n otsho w n), andthe
m ole c ular w eightofa s ubu nitofm o u s eC E SIw a s
appr o xim ately60kDa, e stim ated byaplotof
r elativ e m obiltyvs･logofthe m ole c ular w eight
ofthe sta ndards. Bindingofm o u s eC E SltoCo n
A -Sepha r o s eindic atedthatm o u s eCES Iw as a
glyc opr otein･ The amin o a cidseque n c e of m o u s e
CES iw a sdete rmin edfo rthefirst20 N-ter minal
a min o a cids
,
as sho w nin thebo xinFigure5･
Substr ate spe cIPcityofmo u s eCESI
Spe cific a ctivitie s ofm ouse C E S lto w ards
s o m e x e n obiotic s w er e e x a mined. T hele v elof
a ctivityofm o u s eC E S1to w ards PNPe ste rs w as
fo undtobedepe ndehto nthe c arbo n chainle ngth･
Whenthe carbon chainle ngthorPN Pe ste rs w as
thre e(P N PP)o rfo ur(P N P B),the activities
to w ards P N P Pa nd P N P Bw e r e alm o stthe sa me
(17 9a nd 157〃m oles/mg pr otein/min,
10
1 2
F称21 Pu r肋 8伽 nofI 柵tLSeCE Sl f紬 m D E 旺P･
tr eated m ol1細 岨verJdcr 柳 m 帆 S D S-F ÅO Eof
purirledpI甲aratio rLS reStlted in a sinか baJ)d. La n e
1.proteinrrlarker(94k Da,pho sphorylascb;67k Da.
boyin e灘ru m albumin;43 k D&. o拘)bumin;30kDa.
carbonic anhydr榔). Lan e2.pq r泊edpreparations
(250ng). An arm windic atesthepurirlCdm ouse
C E Sl.
r e spe ctively), whilebothof the m w e re m u ch
highertha nthattoPN FA(8 0.9JLm Ole s/mg
pr otein/min),the c arbo n chainle ngthofwhich
w a stw o. M o u se CES 1sho w edbtlta nilicain e
hydr olas e a ctivity(17.2JLm Oles/mg pr otein/ min)
in addito ntotem ocapril bydrola se a ctivity(197
n m ole s/mg pr otein/min)･ Kin eticpa r am etersfo r
the s e s ubstr ates c o uldn otbedeter mined du eto
thelimiteda m o u ntofpurifiedenzym e a vai1abl¢･
Spe cIPcim m u n o c r o s s re a ctivityofa nii- CZfS D l
a ntibodie s with m o u s eC E SI
To obtain a ntibodie s spe cificto m o u se CESl,
wepe rform ed a ntibodys cr e e n ingbyWe ste m
blotting(Fig. 3). Tw opurified m o u s eC E S
is o zym es(te rm ed C E S M Lla nd C E S M L 2)wer e
u s ed in additio nto m o u s eC E S la nd mC ES 2[0]
forthe s c re en lng. Am o ngC E Santibodie s, anti
-
C E S D lantibodies show ed spe cific
im m u n o cr o ss re a ctivity withm o u s eC ES 1(Fig･ 3A,
uppe r c olu m n), while anti- C E S P la ntibodies
rec ogniz ed allrbu rC ES is o zym e s(Fig･ 3 A,lo w er
colu m n), altho ughthe re c ognitio n ofm C E S2w as
w eak. Anti-C E S R L la ntibodie s c o uldr e c ognl Ze
both m o us eC E Sla nd C E S M L l butn otC ES
M L 2or mC E S2(data n otsho w n). Anti- C ES D l
qト ー
1 ヱ 3
F蛭.3.Spe clf kh m u n o c r脚 r e& CtI▼Ity or& n払 C E S D l･Lf)Ilbodle & with m o t]s eC E S 1･
w estq nblotdn&w a spc rfo m edtoiden叫 antibodic Bth8t坤 edficdlyr｡ 00uliz e m ous e
c ESl. T he ar ro windic 包teS也eba nd fo r mo u 点eCES l. A. A血i･C BS D l群Idan也J= BS P l
m 曲 odics 甘 耶 血 iれ the upperp弧 el.in 血e mi ddle pan貞- a nd inthelow erpa n el･ re s
-
pe ctivdy,1,pu rifiedm o lコ 朗CES2(0.5JJg).2,ptdfied m ol淵 eC ES M Ll(0･5)一g)I3,
pud 点ed m ou 銀 C 泣SM L2(0.5yg).4, pqdfied m CES l(0･5y碁)Ia.Arr6
-C ES D l孤tibodi僻
w er e u s ed. 1.p m ied 血 O u S eC B Sl(0.5ノ喝),2. s olub 批ed fr a cdo n of D E FIP M8(0 3mg)I
3. Co ntmI M畠(03zn&)
a ntibodies c o uld dete ct m o u s eCES 1inboth
Co ntr ol Ms a nd D E H P Ms, a ndtheintensityofthe
band inDEH P Ms w as str o ngertha nthatin
Control Ms(Fig. 3 B). Anti{ E S D lantibodies
als odete cted a n u nkn o w npr otein witha slow e r
mlgratio np()int･
EHe cts ofspe ciPclgG o nte m o c aprilhydr ola s e
a ctivityin m o u s eliv e r mic r o s o m e s
A ftertheIgG fr a ctio nhad be e npurifiedfr o m
whole antibodie s, w e obs ervedthe effe cts of
spe cificIgGs, a nti- CESD I IgG o r anti- C E SRL I
IgG, o nte m o c april hydr olase a ctivity(Fig･ 4)I T he
le v els ofa ctivityin Contr ol Ms and D E H P Ms
obtain ed fr o m as s ay u sing c o ntr ol IgG w er e
adju stedto100 % in e a chgroup. Inhibito nby
a nti- C E S D I IgG c a u s ed 66. %(P< 0.05)and
46.9 %(P< 0.05)r edu ctio n sinthele v el of
te m o c apri1 hydr olas e a ctivityin Co ntr ol Ms and
D E H P Ms
,
r espe ctiv ely･ On the othe rha nd,
inhibitio nbya nti- C E S R L I IgGr es ulted in93･7%
(P< 0.05)and 94.6%(P< 0.05)redu ctio n sinthe
activltylev el in Co ntr ol Ms andD E H P Ms,
r espe ctively･
Antibodys c re e ning ofCD N A libr a ry
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w asthr 帆 伽 血 valu B由th8 m 柵n Ofthreei甜加p峨1d机t亀虫粗y蕗蝕S.D.). T h母
nu mbq atx )v= achbari卓rd8伽e% ofActivitywh弧 tl威 dc 蛾tml I底o in 鞄ぬ
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As a r e s ult ofCD NA libr a ry s c r e e nl ngby a nti
･
CES RLl antibodie s, 27po sitiv e clo n e s w er e
is olated fro m 9･6 冗 10
4
plaqu e ste sted･ A m o ng
the m, a1946-bpCDNA clo n e w a sfo u ndto c o ntain
an open r e ading fr a m e e n c oding a n amin o a cid
polypeptide follo w ed by a termin ation c odo n
(TA G) and the n by 206nu cle otide s of a 3
'
-
n o n c odings equ e n c ein cludingapoly(A)tail(data
n otsho w n). This CD N Aclo n e w a s nam edm CESI.
T he dedu c ed a min o a cid s equ e n c e of m CESl is
sho w nin Figu r e5･ It c o ntain ed a stru ctu rally
importa nt Cys r esidu e(Cys99), c atalytic triad
(Se r204, Glu33 6a nd His449), o xya nio nholelo op
(Gly124 and Gly125) and H X E しm o也f(His562,
Va1563, Glu564, a nd Le u565), which ar e spe cific
s equ e n c e sco n seⅣ ed in the m a m alia n C E S
family[l]. The dedu c ed amin o a cids equ e n c e of
m C ES l als o c o ntain edtw oN -1inkedglyc o sylatio n
sites(As n62, T hr63 a nd T hr64, and Asn472,
Le u473a nd Se r474).
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rcBi 血鴨 T h¢boxindi細 eB the B鵬 ¢与叩 蛾CB 姻 th&tofp血fiedm otlS eC BSl id6 n也rled･ St& rBindicate r esidu esc o mposlnga CぬIytictriad･ Sqt1 肘C
indica細 8tru蝕 r叫 irr)porL&ntqy各 r 雌血 e 乱CSrclesindic atetw oOlyreBidue 且importantfo r oxia nio nholelo opfbr m atio n･ A 如risksindicate e ndophs mic
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To a nalyz ethe effe ctofc a rbo n chainle ngthof
Ba c ulo vir u s- m ediatede xpr e s sio n ofmCESlinSj9
cells a ndc a rbo n chainle ngthspe cijfciyofthe
re c o mbin a nt m CESIpT10tei71
W e ster nblottingsho wedthat the r e c o mbin a nt
mC E S 1pr otein w a s r e c ogniz ed byanti
- C E S D l
a ntibodies a ndthat the m ole c ulaJ･ W eightofa
subu nit w asthe sam e asthatofpurified m o u s e
CES1(Fig. 6A). Este r as e a ctivitystainingafter
n o n-de n aturingFA G Eals o sho w edthat the
r e c o mbin a ntC E S 1proteinpo s s e s s edα
-
n aphtyla c etatehydr ola s e activity, a ndthe
m igr atio n r ate of thepr otein wa sthe s a m e asthat
ofpurified m o u s eC E S l(Fig･ 6 B)･ On the other
ha nd
,
a spe cificpr otein w as n otdete cted in
m o ck/Sf9eitherby We ste rnblottingo r e ster a s e
a ctiv ltyStaining after d o n- den atu n ngFA G E･ In
e ste r a s e a ctivltyStain l ng afte r n o n-de n atu n ng
PA G E
,
the a c c e ss o ryba ndfo tlnd atafaste r
m lgr atio npol ntindic ated by a n a steriskw a s
tho ught tobe a m o n o m ericro - or mC E Sl【42】･
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the s ubstr ate o n血ydr olas e a ctivityorthe
re co mbin ant m C E S1, w e u s ed P N Pe stersthat
c ontain ed v ario u s c arbo n ch ainlengths(from tw o
totw elv e)as s ubstr ates(Fig. 6 C).Thele velof
spe cific a ctivityin mC E Sl/Sf9w asthehighe stat
thele ngthoffo u r. m C E S l/Sf9 als o sho wed high
levels ofa ctivityatle ngthsfr o mtw otofive･
Ho weve r,thele v elofa ctivityde c r e a s ed asthe
c a rbo n chain orP N Pe stersbe c a melo nger, 弧 d
whe nthe substrate w asP N P L,the a ctivityle v el in
m c ES l/Sf9was alm o st the s a m e asthatin
m o ck/Sf9. Ac c o rdingto the res ults ofWe ste rn
blottl ng a nd e ste r as e a ctivitystaln lngafter n o n
-
de n atu n ngPA G E, m ock/Sf9sho w eda
slgnific a ntlylo wle v elofa ctivityto w ards
P N Pe ste rs.
Substrate spe ciPcityofre c o mbin a ni mC ESI
p710tein
K in eticpara m ete rs of P N PA,tem ocaprila nd
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Fjg･ 6･ VaM &tlo TL Ofr c co tLd)h&TLt mC RS lexpr e戚 QTLin Sf9 cdlszLhddはITLl仇 g仙 中 味 岨dtyfo rP NP雌 触 hydr ol札鮒 & Ctlvlty･
w ester nblotting(inpaJleA)a ndestera sc a ctivity stainingafter n on -de n aturingPA岱E(inpa n ¢l a)w e rePerforrrM)dtode m o n鈍r 如 the
expressio n ofm CES1irkSf9c ells. LaJle SIa nd 4, m C E S l/Sf9(5y ga nd 7･2JLg,r e甲e Ctiv ely);l弧 eiS2 aJld 5, m o ck/Sf9(5JJg 弧d ヱ6胸
re甲e Ctively);1a n c$3a nd 6, purified m o u seC E S l(0.7JIGa nd 7 0ng,respe ctiv ely)･ P弧 ¢1 asho wsthehydrola B 8 & Ctiviti魯$ Ofm C ESl/Sf9
(bar cha rt)a nd m o ck/Sf9(poly go n al lin e)forP N P¢ 如 rsthatc o ntain ca rbo nch ain s ofv ariouslc ngth乳indicatcdirkPaJY5nth 脱 惑乱Rerthe
substrate n am e.
butami licain ehydr olas e a ctivityin mC E S 1/Sf9
w ere a nalyz ed. Sin c ethele v els ofa ctivityto w a rds
PN FA,te m o c apri1and buta nilicain ein m o ck/Sf9
were slgnificantlylow,if any,theba ckgr o u nd
a ctivityl n mC E Si/Sf9w a s n egligible. Km valu e
a ndVm α方 Valu es ofre co mbin ant mC ES1toP N PA
were21.3 ± 3･05JLM and2.72± 0.09ym ole s/mg
pr otein/min, respectiv ely･ Aspurified m o u s eC E S I
did, r e combin ant m C E S 1sho w ed c apabilitiesto
hydr olyz ete m o c aprilas w el a sbuta nilic ain e. T he
Km valu e and Vm a xvalu etote m o c apri1w er e3 89
± 62･4〃M a nd 9･64± 1･2 8n m oles/mgpr otein/min,
and tho s etobutanilicain e w er e518± 19.0JiM
a nd 43 0土 17･1 n m ole s/mg pr otein/min,
respe ctivety.
77s s u e e xpTTe S Sio npr oPles ofmC E SlmR N Aa nd
pl10tein
R T- P C Ra nd este ra s e a ctivitystain i ng after n o n-
de n atu n ngln G Ewer eperfor m edto obtaintis s u e
expre s sionprofile sofm C ES ImR N Aa ndpr otein,
respe ctively. T he r es ults of P C Ru sl ng m o u s e
G A P D Hgen e-spe cific pn m e rs sho wed that
ge n o mic D N A didn ot m l ngle with m o u s etiss ue
cD N As (Fig･ 7 A) a nd that the cD N As w e re
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synthe siz ed in equ ala m o u nts(Fig.7B). P CR using
mC E Slge n e-spe cific pn m e rs r e v e aled that
●
m CES l m R NA e xpr e s sio n w a spr e s e nt in the
thym u s,lu ng, he a rt, liv e r, kidn ey, s m allintestin e,
adipo s etis s u e a ndtestis(Fig･ 7C)･ Expr e s sio n of
m C ESl m RNA w a s n ot dete cted in the br ain.
Nu cle otide s equ e n c e s ofal ofthe PCRprodu cts
show ed lOO %hom ology with that of mC ES I
CD N A. In a c c o rdanc e withthe r es ults of だトPCR,
e ste ra s e a ctivity staining after non-denaturing
PA G Esho w ed thata ctivityofmCESIprotein w a s
pr es e ntin the thym u s, lu ng, he art,liv er, kidn ey,
adipo s etis s u e andte sds(Fig･ 7 D)I The re w a s n o
ba nd obs e n/ed in thela n e orthe br ain a nd s m all
intestin e at the s a m epo sitio n asthat or mC E S I
pr otein. Asinthe c as e of este ra s e a ctiv ltyStaining
fo r which r e s ults ar e sho w nin Figu r e6 B, w e
fo u nd an a c c e s sory band at a fa ste r m igration
point, wbicbistho ught tobe a m o n o m e ricro m or
mC E Sl[42],indicatedbyan asterisk.
トトI V Dis c u s sio n
T be e n zym e r espo n siblefo rte m o c april
hydr olysISin m o u s eliv e r mic r o s o m e sha n ot
bee nide ntified. In o u rprelimina ry w o rk, aC E S-
spe cificinhibito r[43い)is(クー nitrophe nyl)
pho sphate, str o nglyinhibited随 m o c april
hydrola s c a ctivityl n m o u s eliv e r mic r o s om e s
(by m o r etha n90%)(data n otsho w n)～Itha s also
be e n repo rted thatte m o c apdlc an be ago od
s ubstr atcfo rhCE･I[6,39].T hete m o c april
hydrolas e a ctivityle v elofm CES2e xpr e ss edin
Sf9 c ells w a s u nderth塔detc ctablcle v el(data n ot
show n),tho ughw ¢ha v e 柁 C e ntlyr eportedthat
o n e orthe CESis ozym c sindtle edbyDE H P
tr e atm e ntis mCES 2【2 0】.T hu s,itistho ught that
thelarg昏iⅠ1C r 組 S ¢inthel¢v eloftem o G aPril
hydr ola s e a ctivityinliv e rmicr o s o m es ofmic e
tr e ated with DEH Pw a sdu etotheindu ctio n ofa
rn ou s e>CESlis o芝ym 昏(S), 弧d w eide n雌 edthe
m o u s eiC ES Iis o 芝ym 昏bypudfie atio n, CD N A
cloningandfun ctio n ale xpr 鰯io ninSf9c ells as
des cd bed belo w. T heide ntific atio n ofthe m o u s e
C E Sliso zym eisimpo rtantfo rthe studyofdrug
m etabolis m sinc ethe m o u s eC ESIis o zym e
e xhibits strikingslmi lariti8StOthehu m 孜nC ESl
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IS O Zym e～
Aspr edicted, signific antc o ntributio n ofm o us e
CES 1tote m o c april hydrola s e a ctivityinboth
Co ntr ol Ms a nd DEH P Ms wasde m o n str ated by
inhibitio n a s says u singspe cific a ntibodies(Fig･ 4)･
T he as s ays als ode m o n stratedthat1)an other
m o u s eC E Sis o zym e(s)isin volv edinte m mpri1
hydr olysisinliv e r micr o s o m e s,2)u nide ntified
C E Sis o ヱyme(S)w asals oindtlC ed byD E H P
tr e atm e nt
,
a nd 3)alm o stallofthetem o c april
hydrolysis a ctivityin m o u s elive rmic r o s o m e sis
du eto C ESis o zym e s,in cluding m o u seCES l･
Co11e c也v ely, the s e r es ultsindic atedthat m o u s e
C ESsplay 弧 importa ntr olein e ste叩rdr ug
m etabolis m. O ther mo u s eCESis o 乙ym eSinv olv ed
inte m ∝ april hydr olysI S re m ain u nide ntified･
Ho w e v e r, a nti- C E S R L lantibodie s c o uld
r e c ogniz eC E S M L l. as w ella s mo u se C ES l(data
n otsho w n)
･
,
thu s
,
o n epo s sibilityisthatC ESMLl
als o c o ntri bute stote m o c apri1hydr olysisin m o u s e
liv er micr os o mes･ Fu rthe r e xperim e nts are n eeded
todeter min e othe rC E S is ozym e sinv olv ed in
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tem ∝叩rilhydr olysis andtodete rmin e whether
theyar eindu c edbyD E H P･
Giv en that m o u s eC ES Iw a sin v olv ed in
DEHP-indu c edte m ∝叩ril hydrolas e a ctivityin
m o u seliv er micr o s o mes, the n e xtstep w a s
cha r a cteriz atio n ofpurified m o Ⅶs eC E S l･
Biochemic alcha r a cterisdcs ofpurified m o u se
CES la r e v erysl milartotho s e of m am malia n
C ESs【1】. We sho ulde mphasiz ethatpurified
m o u s eC ES Iw aspres e nt as atrim er, which is a
spe cific char a cteristic of C ES IAs ubfamily
m e mber s. T his s ubfamilyin clude shCE-1, C E S
D l[19]and C E S R H l(als o calledpI6･1 orES-
10) 【29,44](Fig. 8). Allofthese m e mbersha v e
be e n show ntofo r mtrim e rs, wher e as otherfamily
m e mbersbeha ve a s m o n o m e rs[l]. T he N -
te min ala min oa cids equ e n c e 弧d im m u nologic al
pr operties ofpurified m o u s eC E S1pr ovided
fu rthe r e xperim e ntaldata sho w ingthat m o u s e
c E S l is smila rto otherC ES I As ubra mily
iso zym e s･ T he N-te -in al amin o a cidsequ e n ce or
m ou se C ES Isho w ed lO% ho m ologytothat of
C ESRH l/pI6･1, 85 % ho mologytothatof C ES
D l
,
and 80%ho m oloBytOthatof hC E l(Fig･ 5)･
T hefindingthat antibodie s agaln StC ES D Ic o uld
specific allyr e c ognl Z e m o u se CES Is ug ge stedthat
stru ctu ralpr opertie s of thes eC ESis o zym e s ar e
similar･ Take ntogethe r,the re s ults sugge st that
m o u s eC E S l belo ngstothe CES IAsubfamily･
Followl ng Protein char a cteriz atio n, the n ext
iss u e waside ntific atio n orthe n llCe otide s equ e n c e
e n c oding m ouseC E S1･ After w ebads ubmitted
the nu cleotide sequ enc e ofthe obtain ed CD N A
clo n e, m C E S l,to D D BJ, EMB Land Ge n eBa nk
n ucle otide sequ enc edatabas e s(A B O23631),
a n othergr o upr epo rtedCD N Ac oding m o u s e
tria cylglyc er olhydrolas e(mT GH)(A F37 87 5I)
[36]. Ex c eptfo r o ne nu cle otidein the r egio n
c odingslgnalpeptide,the n u cle otide s equ e n c e of
mT G Hsho w edpe rfectho m ologytothatof
mC E S I(data n otsho wn).In addito n, othe r
bio chβmicalproperties ofmT G H[36]ar e v ery
similartotho s e ofm C E SIchar a cteriz ed inthis
study
'
,thus, m CES 1a nd mT GHare c onsideredto
be the sam e e n z;ymes with diffe r e ntn am es. T his
a cc ordanc eis n otsu rprlSl ngSin c e r e c e ntstudies
ha v e s ugge stedthatC ESs ar ein v olv ed infatty
a cide ster m etabolis m[19,20,2 2, 45]a ndsho uld
◆
be u s eful info rm atio nfo r elu cidating physiologl C al
fu n c也on s of C E Ss thatr emain u nkn o wn.
Ov eral1 ho m ologleS Ofthededu c ed a min o a cid
s equ e n c e ofm C ES lto C ESIAsubfami ly
is o zym es w er ehigher(92.7 %to C E S R H l/pI6.I,
7 9.6%to C ES D l
,
and 77.6 %toh C El)thantho s e
toC E S IBs ubfamilyis o zym e s(7 1 3 %to
Hydr ola s eC,7 0.3%to M - L K, and69.4%to C E S
R Ll), 弧d m C ES Ishow edpoorbo m ologyto
CES2 is oz yme s(1e ssthan50 %,data n otsho w n).
T her efわre, m CESl is血ought to e n c ode a m ous e
C ES IAs ubfamilyis o zym e.
Thededu c ed amin o a cids equ e n c e ofm C ES I
c o ntain edthe s a m e s equ e n c e asthe N -ter min al
a min o acids equen c e ofpurified m o u s eC ES l,
indic atl ngthat m C E Sle n codes mou se CE S 1. T he
r es ults ofa s erie s ofe xperim e nts u si ng
r e c o mbinant mC ES 1s uppo rtedthis speculatio n･
C E Sl
bJnily
CRS2
紬 吋
Ht)m anh CE(h(ヨ臥t)(”)7765)
DogCE S Dl(A 弧 629)
RatP16.1(CB S R H l)(X8139 S)
Motwe m l詔治l(A B O23 631)
MouseTO ‥(A r978751)
RatBS3(Ⅹ8139S)
Moll駆 F.iaSytl(S 鮒191)
Rat hydml梯 C(U10698)
htEsヰ(X81825)
Rabbit乏
RatÅY O34 m
Ham sterC 混S 〟r51(D 之8566)
H牡捌anh(混･之(U 605S3)
Mo ㈱ mCXiS2(A 迅L1 0 m )
RhtA b el0635
RatA B OIO632
CE81^
朗 一触 恥
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拘b血軸 恥
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Reco mbin a nt mCES 1pr otein exhibitedide n触 al
bio chemic alchar a cteris触s, s u cha s rr10le c ular
w eighto rhydroly也c a c也v ltyto w a rdste mo capril
a Jld butaJlilicain e,totho s e ofpurifiedm otlSe
C ES l. Ba s ed o nallofo u rdata,itis c o ncluded
that m C E S Ie n c ode s m o u s eC E S l,belo ngi ngtO
theC E S I As ubfa mily as sho wninFigtlre8･
Co n sideringo u rfindingthat mC E S 1wa s
gr e atlyin v olv edinte m o c apri1m etabolism ,tiss u e
e xpr e ssio npr ofiles of m C ES 1sho uldbe cladfied･
mLP C Rw a s n ota perfe ctqu aJ1也ta也v em ethod fo r
mR N Ae xpres sio n. Ne v erthele s s,the amplific ation
le v els ofthe spe cificband w er eapparently
differ e ntbetw e e n s o m etis s u e s a mples･ Expre s sio n
orm C E S l in 也elu nga nd kidn eyl S n Ote W O r也y
sin c ethe s etis s u es ar eimpo rta ntfo r e xtrahepatic
drug m etabolis m. Itis n otablethato v e ral
expr e s sionpr ofiles ofm C E S lare v ery si milarto
tho s e of h C E- 1
,
which is e xpr e s s ed in thebrain,
he art,lung,liver, a ndte stis[2,46], altho ughthe r e
are afe wdis cr epa n cie sin their e xpr es si9nPr ofile s,
s u ch asthe c as einthe brain. Together witho u r
other r es ults,itis c o n sideredthat m C E Sla nd
h C E- 1a r e v e rysl mila r e n zym es. T his m ayr ene ct
fu n ctio n alsimilaritie s ofthes etw oen zym esin
drug m etabolis m a ndfattya cide ste r m etabolis m･
Giv e nthat m C E S I is a nimpo rta ntC E S l
is o zym einv olv ed indmgm etabolis mlikeh C E
-I,
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w e shouldrefe rto m echa nism sbywhich D E ‥P
indu c edmC ESIsin c etheindu ctio n ofdr ug
r netabolis m 紺 Zym e Sha s c o n side rable
significa n c einphar m a c okin etics a nd
phar m a cologic ala ctio n sofdrugs metaboliz ed by
the e n ヱym eS･ DE HP, aper o xis o m epr olifer ato r
(PP),ha sbe e n sho w nto c a u s eh pato m esalya nd
per o xis o m叩 r Olife mtio n, a nd e v e ntu auy
hepat∝ ar cin og尉 鵬is,in r ode nts[47]. Re c ent
studie sha v e sho w nthatm a nyeffe cts ofD EHP in
the F Odentliv er wer e m ediatedby per o xis o m e
pr olife mto r
- activatedre ceptor如pha(PFARα)【48].
T hu s
,
itc a nbe spe c ulated ぬatth¢indu ctio n of
mC昆S lbyD E HP is m ediated by 恥 Rq, a nd it
ha sbe e n r epo rtedthatthe mCだSIpr o m oterhas a
P FARr cspo n 維 ele m e nt(PP R E)-like m otif[49].
Ho w e v e q,thepa rticipatio n of PFARainthe
r egula也o n ofmCESlgen e!¢xpr es sio nis
c ontT O V erSial. Ho s okaw a e!tal.[30,31】repo rted
thato raladministmdQn OrClofibrate o r
pe rfluorinatcdfatty 拡idsto r atsfor3days o r5
days, respectiv ely,r es ultedin a nin cr e a s einthe
le v elof CES R Hl/p16.1e xpre s sio n. On the othe r
ha nd, D olin skyetal,【5 0]has re c e ntlyr epo rted
that tw o w e eks ofclofib 舶fbedingdidn ot
slgnific a n也yaffe ct mC鮎 1e xpr e ssio nin wi1d-
type o rPF!A Rα -nul mic e. Po ole etal･ [51】sho w ed
thatthe changesin expre s sio nle v elofC E S
R H l/pI6･Ic a u s ed byP Ptre atm e nt w er etim e
- a nd
c o mpo u nd-depende nt. T healte r atio n ofmC ES I
e xpr e s sio rle v el byP Pintheliv er mayr es ultfr o m
a n adaptl V e S e c o ndary effect, and 一山也er studie s
a r e n e ededto u ndersta nd the m olec ular
m e ch anis m s of P P by whichm C E Slisindu c ed･
In this study, w eide ntifieda m ous eCES l
is o zym e, m C ES l, that w a sindu c ed byD EH P･
Purific atio n, CDNA clo ning a nd ba c ulo vir u s
-
m ediated expres sio n orm C E S 1r e v e aledthat
mC E S Iplays a nimpo rta ntr oleinte m o c april
m etabolis m a ndthatitbelo ngstothe C ES IA
s ubfa mily･ Colle ctiv ely, o u r r e s ults sho w edthat
m C E S l is v e ry simila rtoh C E
-I. The refor e,
m C E S l istho ught tobe o n e ofthe critical
dete r mina ntsforphar m a c okin etic s a nd
pha ma cologic alactio n s ore st昏rPr Odrugs as w ell
as este rdr ugs. T his w o rkpro videsu seful
infor m atio nfo rstudyofm etabolism a nd
dispo sitio n s ofe ste叩r Odrugs as wellaseste ト
drugs. Elu cidatio n ofthe s ubstrate specifictyof
mCESla ndthe m e cha nis m sby which the mC E Sl
geneis r egulatedis o u r n e xt challc nge･
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Ⅰ.丑‡
Purifica銭on† m ole ctda rclo ningl and ftl n C伽 n a且expre s sion ofindtl曲Ieliv e r
a cylc ar n紙in ehydmla s ein C S7 B u 6m o ⅦSelbelo ngingtO 払ec a rbo xyle ぶte r a S e
●
m tlltige n efa mily
トⅠトⅠIntmdu ctio n
A v ariety ofchemicalsha v ebe e nide ntified a s
per o xisom epr olifer ato rs a nditiskn o w nthatthey
can alter a s eries ofge n e e xpre ssio n s a ssociated
with lip dm etabolis m【52】. In r ∝le nts, tr eatm ent
with a per o xis o m epr olifer ato r r es ulted in
pr olifer atio n of per o xis o m e with dr astic chaJlgeS
in the lipid c o nditio n, ultim ately prom odng
hepato m egaly a nd hepato c a rcinlge n e Sis･ It ha s
be e nrepo rted that tr e atm e nt of D EH Pc a u s ed
re m arkable depressio nin s e ru m cholester ol aJld
triglyc eridele v elsin r ats【53]. M ic etr eated with
D E H P･e xhibited slgnific a nt r edu ction in the
a m o u nt of epidydimaladdipo s etis s u eand liv er
lipidsto r age(Furihata, T. , Ho s oka w a, M . , Satoh,
T･
,
a nd Chiba, K ” u npublished obs erv atio n).
Me ntlein etal･ [21,32]ha v e r epo rted thattw o r at
C ESs, cha r a cteriz ed as a cylc amitin ehydrola s es,
w er eindu c ed byclofibr ate administr ation[21,32,
54]･ Ho s oka w a et al･ [3 0]ha v eals orepo rted that
micr o s o malpalmitoyl- CoA hydr ola s e,idendcalto
r at C E S R Ll, w a sindu c ed by clofibr ate. T he s e
findings s uggest that cESs c o ntri bute to the
pha r m a c ological a nd to xic ological a ctio n s or
pe r oxis o m epr olifer ato r sin lipid m etabolis m
thr o ugh their hydr oly也c a ctivity to wards v ario u s
endoge n o血sfattyacid este rs･ T hus,itisimpo rta nt
toidemify and cha ra cteriz ethe C E Sis o zym ethat
w asindu c ed by pe r o xis o m epr olifer ato rs to
u nderstand the fu n ctio n s of the C E Ss in lipid
m etabolism .
Inthepr e vio u s s e ctio n, w ede s cri bedthato ne of
the induc ed C ESis ozym e s w a s mc ES l. In
addito n7 the r e s ults of the pr elimin a ry
experi ments S uggeSted that othe rC ES is o zym es
w er eindu c ed by D E H Ptr e atm e nt, andthe C E S
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is o zym e(s) r e m ain sto be ide ntified. Here, w e
puri rl ed a cylcamitin ehydr ola s eirldu c edbyDEHP
fr o m m o u s eliv e r micr o s om es, Clon ed CD NA
en c odingthehydrolas e, a nd expr 鰯 edthe clo rlein
Sf9 c ells. B孜S ed on the res 11ts, w e c o n cludethat
D EHP-indu cible a cylc amitin e hydr ola s eis a
m e mber ofthe CESfa milythathas n otyetbee n
char a cteriz 昏d.
Ⅰ-IIJIMaterials and Methods
AniTTlaLs
A d dt m ale C 57 B L/6 mice(JapanS LCI瓜 ,Shiz 恥ka,
Japan)of 5wecks 弧dof 8w eeks w ereusedinthis 紬 dy.
Pb cedw esfcqtreatm e ntof 2 %(w/w)D E u Pto micc and
p托Par adon ofliv ermicro s 切n CS W ered s critN!din 払e
se c也o n ofI-I- H･ h･tein co n centrado ns w eredetermin ed by
u singa Bio- RadD℃ nptcin Ass aykitPio -汲ad
L 血 tories).
仙 郷 c alio n ofindu ci 抽 a cyk w nih
'
n ehydTVlas ePo m
D E E P-tre ated C5 7B LJ6m o u seliver miq os om cs
D E H P-tr c atcd m de C 57 BIJ6m otLS eliv ermicro so m es
w ere usedin this c x押n m C nt/ro m e as w eth en 21ym atic
activityofin 血 cible acylc amitin ehydrdlas e, po oled
fra c也o nsw ere assayed wi thpalmiー oyl-dl-c ami 血e as a
s ubstrate. M icroso m es w ere solubiliz ed in I(氾m M T ds_H Cl
btdrer･ pH 8･0, c o ntainingO･5 %chQlic acid, ataf＋indprotein
co n ce ntratio n of 2･3 0mg/ mi.
r
rhe s olutio n w as s丘rrcd fq 60
min at 40C 姐dthen c entrifuged a‖ 05.00 0xgfor60min.
The s olublefrac也o n w as ap pliedto a c olum n(3.0 x 8.0c m)
of W hatm anD E152(M ai dsto n e)thathad been eqd ibr ated
with10 m M T hs-H Cl btdrer, pH 8･0･
'
nle COll m W as
w ashed with dieS a m ebuffer and then eluted witha stepwis e
NaClgradientin 10m M T 也s- HCl buffer,pH 8･0･ n e peak
触 cdon w 耶 apPli¢dto 孔 COlⅧ 汲(I.0x3 0c m)of
chro m a伽 sing gel P B E 96(A m 鰯h息m Bi鵬 den c 鵬)that
had be 組 位quihbr ated with 25m Mhis-T ds- H alburfer,pfⅠ
6.5. 1 もB C 批ym e W as elllt d wiぬ270 miof Polybufrer74
(Am crsham Biosdcnc es),dilutedAt乳ratio of I:8. a nd
且dj耶tedto pH4･O withH q･ T hm ,the&ctiv¢fracdo n w as
ap〆icdto 盈 COll淀m (1･SA5･Oc m)of Co nA･Sepharos c
(Am 耶ha mBi鵬 Cicnc cs)thath急d be 孤 eq也hbrated with20
mM
r
nis･‡氾Ib 肋 r(pH 7･6) 紺 mlaining0.I ” NaCl.0.I
血M M澄C12 孤 d 0.S m M C汲C12.71旭 印l胤 n Was W舶h¢d
wid120m M Tdざ- H Clbl助 r(pm 7.6)c ontaining0.5 ”
NaCl,0.I m M MgC12and 0.S m M Ca(:12.
-
nl位fra c触 nsthat
w crc n otbo u ndto 血e Co nk-Sepha m 5 e COI噸 m W 朗執押Ii由
to a cohxE m(3 Bx臥Oc m)or Hypa也teaOlydrQ Xylapa也te)
th&lhad bee n eqd lib細 ed with5xnM potassittmphosphate
b 軸 pH 7.0. Ⅷ ¢ coltLXE n W as W aSh 組with 血e s 糾n ebl】批r
and也母n el触 d呼iぬ au搬 argr3die,ntQf S- 90ぬM
potassiⅦ n phosph&細 b 伽 pf1 7.0･ Ⅶ eptdl¢derLZym C
w 鵬 tenta也y elyn 8m CdAC封 M laxkdc od a be storedat -
80oC 紬 se v crd mo牡地番 Wiぬ榊tloss of 餓2;ym e activity.
PT%PW aLib” a ntibodies
Antibodies 喝ain stA CH M Iw 鮒 rais cd in m 乱k J呼a nBSe
W hiterabbits(之.5-3.0 kgin bく泊y weight)&cc qdingtothe
previotJSlydescritx:dpr wdw e[29]. Anti- C ES R L l
a n故 山ies andan塩･C ES r u ban也bodies usedin 也is study
w erepreparedasdescri bdprevio 耶Iy[14]･
Inhibi h
'
o T2 a s s aybyu siTlgSPe C紳 IgG
IBhibi也o n of hydrolasc a ctivitybyusingan and- AC甘M 1
IgG w aspcdo rm cdasdescri bed in the sectio nI-i-III Al
assay bbes w erebro ught tothe s am efinalco ncentratio n of
lgG with co nlrollgG. M icros o m es(0.2 mg)w ere sQltlbili乙ed
with0.5 %cholic acid in 10m M T ris- H Cl buffer(pH 8･0)
and w erei皿Ctlbatcd with lgG(0.1 mgto 0 3mg)I The
mixttFCSW ereleft3 ho urs at4oC andthe n ce ntrifugedat
10, ㈱ xgfo r5 min. The resd 血gsupe matants w ere used
for ass ayor hydrolase a ctivity.
Peptide s equenc eofAC H ”) by m ass spectTOTn etT7
Masspectr o m etryof叩pdcpeptides w asperfor m8das
follow s.Proteinband fro mS D S-FA O 石w asex cis ed fm m Zn
stain edgel. In gel digestio n ofpr otein withs eqtlCn C mg gmde
m odirled qpsin(托o m ega, Madis o nⅥ)w aspedor m ed
郎Se ndany asdescribed[55]. T he resdtantpr oteolytic
pep也dcs w ere an aly批 d byn an o･1JCtande m m ass
spe etrcm etfy(MS/MS)to gen erate peptide s eque n ce
inro M d伐 L AQJr O F-2 hybrid mas spectr伽 n etCr
(M ic m m ass, Ma n chester, U印 cquipped with乱
n an o elec加spraylO n 苔桃 rC e W&StlSedfor nan O-L £/ESI
M S/M Se xperq ent. The m ass S坪 C蜘ユdata w as s 蛾 ℃h d
again stm otw eA CFt M ls eq伽 m CC m id SwissPrDtd&tabas¢
using 血cPmtcidJyX R(M ic m m ass)and Masc ots Qftw ar¢
(旭 tdxSci紬 錐 , Lo ndα1, U K).Thepd fi¢dpmden w as
an aly之ed frt) m atle ast tw odiLre cntpreparatiQt1凱
鞄 ぬIRNAp
LT ePWaFiona ndCD N AsynthesLT
C 57B L/6 micc at8 w e eks ofage w ere tLSCd. Total R N A
w as 銑tra Cted fr m m o us ¢liv er a ndCD N Aw as synthesiヱCd
asdescdbed hthe se ction of トI- Ⅱ.
CD N Aclo ning a ndsequ en cing ofTn Ou Se aCyka miftne
hy加Iage
T heP C Ra mplific a血 n w as cmicdotltO Obtain thef血1
le ngd1 0fm o us c姓v cr a cyl amitin ehydr olas8 CD N Ausing
m o 旧 eliv er CD N A descritN)dabo v e as ate mplate. 71旭
fQllo w lng PZt n erS w ere used: 血e s ens e.5
'
-
År m O C A G C A C A G Arr A G G A C T3 andandsen s6,
5' -A A C A C ^: m G ÅIA CAG G m-3
'
. T he
a mpWled D N A fragEnentS W ere Sub-clo n ed intothePC R
BlmtII T OI ℃ve ctorOn vitrogen). The ntlCleotidc
scqtw n ccs w eredetermin edasdes cdbedinthe s ectio n orI
-Ⅰ-
ⅠⅠ.
坤 ressio n ofTnO u Se a Cylc arniiinehydrolasein Sj9 celLT
Expression ofacylcamitin ehydr olas e tlSlngbac ulovirus
w ascarriedo utasdescri bed inthe s ectio n of トⅠ-tl.
Expressio n ofthehydrolase Ⅵ′a s a nalyzed byWeste m
i m u noblottingand hydrolas e activityto w ardacylcamitin e･
p- nitrophenylacetate and(ユ
I naphthylacetate･
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EnqTTle ass ay
The dete mh a吐on of diehydroly血 activity to w ard p-
mitrqphcnylacetatc ON FA)OVacal ai Tesqlle, Kyoto JapaJ1)
w asdes cribed in the se ctio n of IJ-II. m c hydrolydc
aci也vites to w ard acylcami tin es and a cylglyceddes w crc
determin ed by an en zym atic determin atio n Ofrclcased free
fatty acid(NE臥 C-test. W ako 伽 micals. Tokyo, Japan)
ac ccqding to hc m ethod or MeJItl 血 et al. [54]. T he
subs如te c o nc entra血 n of pal mitoyトdt
-c ami血e fq kin¢dc
sttldy ra nged fr o m5to 4 00yM. T hehydrolysis of dc can oyト
CoA a nd pahmitoyl-CoA w as ass ayed in 3 0m M Hepes
b a rer(坤Ⅰ7.4)at30
oC by colo丘m etric determin a也on(412
n m) of freethiolgm ups by reac如 n wi dl S,5し胡thiobis-(2-
mitrobcn ヱdc a cid)asprevio 耶1ydescribed[14].
Proc cdtw esforthe determin a血 m of e m 00叩dl hydrolasc
ac也vity w asdes critx:d in thc s ectio nI-I-I.
Medlylprcdnisolo n e hemisu c chatc CM P HS) and
m cdlylprednisQlon c(M P) w erepw 血 s ed fr om SiBm a. The
M P H S hydrolase a ctivity w as determin ed ess en也any
ac cording to the m ethod of Hattoriet al. [56]. hmfⅠS w as
dissolv ed in 1 % dim cthylfo mi de w ater. M 托IS hydrolase
a ctivityw as ass ayed in 50m M citrate-phosphatebluer(坤Ⅰ
5･5), and m ethylprednisQlo n e 岬 ), a m etalx)life of M PtIS,
w a s a nalyL Cd by u s mg dlCfollo wing H 托一C m eth d T Lc
弧 syste m co nsisted of a m odel L7100pl mp(抜tachi,
T bkyo, Japan), a mdcI L7400 U V dctc ctor(托tachi), a
m odel L7200atltO澄aXE[Pler(抜tachi), 汲 m Odel D 7S00
integrato r(托tachi), 弧 d a C O S M O S m5Cl ‰M S-II4.6 A
250 m c oltxr m(抽 calai
'
抱落qⅥ¢). T he m ob触 phase
co nsisted of0.OS Mphosph&tc 肋 (卵 7.0)域 CetQ nibile
(65:35, v/v)and w asdcliv ercd at a no w rate of 0.9 ml/min.
M Pw asdetected at a w a v ele ngth of 之54斑n. A c alibration
cu rv ¢ w asgen eratedfro mO･2Sto 75FLM byp 跳 eSS mg 弧
●
a uther[tic st弧 dard sub畠一札n 銀 地 和 ‡癖 ぬ塔 餓 由℃ pr wdtxre.
Fluoxymestemn ¢ w鵬 鵬 母d as 組 intぽ 舶I staxdard. The
Substmte co n ce ntra舶 m of hiPHS 紬 姐雑 加 納dy r紬碁ed
fro mSto 4 00fLM .
Te m mpdlhydrolas e 祉tivity w 舶 舶 馳y軽d 舶 触BCribedin
the s e¢畦o nI-I-Ⅱ.
Pal mitoyl･dl-c ami 血缶, d8Ca n Oyl･dl-c a niぬ 倍, l～
m o n o c aprylin, トn oxkCM3aPryXh I･x n 搬l航 由n. ト
m o n 切nyris血 , ト m o 叫 ･mi触, i- m oT H Xd 血 姐 d I-ole oyト
2-a c ctyトLm -glyc erol, dcm n･oyトCQAI pd馳孟toyl-Co丸 M 和S,
MR and fh10詫ym 郎te 糊 胎 W Cre PWCha sed fm m Sigma.
Tem 00叫I and tc 叫 l&t w 鮒 kindly obtd 伽 d fro mDr.
Toshihiko lkcぬ . A 伽Iy也c al and 地 血b d ic R郎 戦犯℃h
Labc mtories.Sah kyo Col .Tokyo.JapaxL
Sp6Cific a ctivi 血s of C ESto w 故rdallst血s 触t6S 甘駆dw crc
e xpre由cd in ter m s ofa m ot ntofstd)Stmte hydroly2;ed ini
min l mder specifi¢d¢o d 蛙弧 S. 叫 m ekixLC血 p 榊 鰍 s
w ere esb tcd asdcscritN5d in ぬc se c也o n ofⅠ-I.Ⅱ
OEheT･ m ethods
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rr乱ble 1. PⅦrific瓜ioJI Of ま汲dtlC 載d ACylc &rJ[itAe hアdroIASe from D器H P-treatedC5 7 BLJ6m o useliver nicr耶 0仙 e S
Pmificatio nStep Volu me Toldprotein Totalacdvity Spedfic a ctivity Pudfieatio n Yield
ml mg unit u nits/mg fold %
Mic ms om es 120
Solubili芸edfrac舶n 2 25
D王三5240mM N盈C1 35
(泡ro m atofo cu敷浪g 4.9
IbⅠydroxyapa触 (鞄p乱 触 C)6･6
958
495
51.5
1.37
0.57
88 24
7830
854
195
110
7.53
15.8
16.6
142.1
192.4
1.0
2.1
2.2
14.9
25.5
100
88.7
9.6S
2.21
1.25
TAhleユー K 姐e触 阿 乱 脈 触rさ 0'fpⅦ雌払d A C H ”I forthehydr oly曲 ofpahitoyl･dl･c a r れ祉加 乱rdp･Ttltr ophehyhceh te
sLlbstTate Con ec n触tion rarlge Km Vm ax
(ELM) (FJM) (prn oles/mg/min)
Palmi呼 ト払 e a m紬旭
p - Nitrophenylac ぬ 馳
100_ 500 98.8 1.67
10_ 600 392 353
S D S- plyacryl鮎血degelelc ¢trophcwcsis(SD S一 弘 岱軌
Wcstcm blot也nE, e SteraS¢軌C如itys嘘ningaftq n 恥
dcn aturingF AG混 w asp 肋 m ed asdescdbedinthe sectio n
ofI 心ⅠⅠ.
Mo us eC ES 1 iso芝 yme, C ES M Ll, w a叩 d fiBd bythe
sa m e m ethodasthatused ror払ep肝脆c adon of
acylc &mi血 Bhydmlas e ¢xcBPtforthe u se ofa ConA-
sepharos e colu EEulinstc&dofHypa 紬 C(bydro xylapatite)I
トⅠIJIIRes ults
EHe cts ofDE HP o n a cylc a T nitin ehydr ola s e
a ctivityin C 57BLJ6m o u s eliv e r micr o s om es
P almitoyトdl- c amitinehydr olas e a ctivityof
D E H P-tr e ated C57 BIJ6 m ouseliv e r micr o s o mes
w a s2 0.9 n m oles/mg/min, whilethatofc o ntrol
mic r o s o mes w a s3.2 n m ole s/mg/min･ Expo s u r e of
c 57Ⅰ∋U6 mic eto D EH P intheirdietr es ulted in a n
appr o xim ately7fold in c r e as einthe a ctivityof
m o u s eliv er micr os om e s,
Pu rlPc atio n ofindu cible acyZc a r nitin ehydr ola se
Pom D E H P-tre ated C5 7B L/6 m o u s eliv e r
m l CrO S O m e S
Acylcamitn ehydr ola s e(A C H Ml)w aspurified
94 Kt)a
67 K Da
4 3 K Da
a O K D8
M l ユ 3 4 5 】は
刑甚･1･ An&lysLs orpr otehs o nS DS
･P A G E h hver d cr o 馳 m eS aJId
pu rl且edprepw &tkln S Of A c t( 封1A C
CO rdl喝 tOPtlr岨c 8触れ Sleps･ 1.
micr o so m es;2, olubili2ed micro so me s;3, DE52 240 m M NaClelu ate
fr a ctio n s;4,chro m atofoctlSing;5,hy patite C(hydro xylapatite);h4StaJldard
pr oteinfo r r elative m olec ularr n ass,pho spho rylas
cb(94K), bo vin e seru m
albtlmin(67K), o val bumi丑(43 K), c arbonica nhydras 8PO E)･
25.5 foldwithayieldofl･25 % byth ispu rific a血o n
m ethod(Table.1). T hehydr ola s epeakw as eluted
by240m M NaClfr o mD E
-52 io n- e x change
c olu m n chr o matographyatpH 4･5, andthe nthe
pe ak ra c血 n s w erappliedto a c olu m nor
chr o m atofo c us l ng gel･ T he a ctiv efra ctio n sw e r e
eluted o utfr o mthegelto applythe mto aCo nA
-
sephar o s e c olu m n･ How e ver,thehydr ola s epeak
rr a ction s atpH 4･5 w ere notbo u ndtothe Co nA
-
sephar o s e c olu m n･ T hu s,thepH 4･5 fr a ctio ns
w er eap pliedto aHypatite C(hydr o xylapatite)
c olu m n, a ndthehydrolase w as eluted by
20
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pota ssiu mpho sphategradient･ Thepr ogr e s s or
a cylc amitin ehydr ola sepurific atio n w as
m o nito red bySDS一 弘 GE･ Thepmified
pr epar atio n s e xhibiteda sl ngleband o nS D S
-
F!A G E(Fig. 1). Aplotofrelativ e m obiltyv e rsu s
logofthe m ole c ula r w eightofthepr otein
sta ndardsindic ated a m ole c ular w eightor60 k D乱
Substr ate spe cIPcityofpmPed A C HMI
T hepurified A C H M Isho w edhydr olytic
a ctivityto w ardpalmitoyl-dl
- c amitin e･ Itals o
sho w ed c atalytic a ctivityto w ard P N FAand α -
n aphthyla c etate, whichar etypical C E Ss ubstrate s･
T hekin eticpara m eter s ofpurified A C H M l fo r
thehydr olysIS Ofpalmitoyl J l- c amitin e a nd P N FA
ar elistedinTable2.
Im m u n ologic alcha l
･
a Cte rS OfA C H M I
Inliv er mic r o s o m esfr o mD E H P-fedmic e, anti-
A C H M la ntibodie s c o mpletely elimin atedthe
indu c edpalmitoyl-dl
- c ami tin ehydr olas e a ctivity,
whilethe c o ntr ol antibodie sdidn otafe ct the
a ctivity(Fig. 2). On the othe rha nd,the r e sidu al
a ctivlty Wi血tbeinhibitio n ora ntトA C H M l
a ntibodies w as alm o st the s a me asthatorc o ntr ol
antibodie sin n o n-tre ated m o u s eliv er mic r o s o m e s.
Sin c epurified A C H MIpo s s e s s ed hydr olase
a ctivitiesto w aJd C E Ss ubstr ates
,
the
im m u n o cr o ss-r e a ctivityofAC HMI w as a ss e s s ed
u sl ngtw odiffer e ntanti-r atC E Sa ntibodies: a nti-
C E SRL l弧tibodie s, wbicbc 弧 r e C Ognl Z e m o u s e
C E S 1 family, and antibodies agaln Str atC E S R u,
whichc a n r e cognl Ze m o u s eC E S2family. W este rn
im m u n oblottingsho wedthat a nti-r atC E S R L 4
a ntibodies w er eim m u n o c r o s s-rea ctiv e with
purifiedACH M l, while a nti-r atC E S R L l
弧tibodies w er e n ot(Rg･ 3)･ As sho w nin Fig.4,
both a nti- C E S RIAa ntibodies a nd a nti- A CH Ml
a ntibodiesinhibitedthe a ctivityorA C H M l but
didn otaffe ct the a ctivlty Ofapurified m o use
C E S lmixtu re
,
tw opu rified m ous eC ES 1 family
音
詩
○
著書
Pl
20
15
10
田 corLrd 7炉
日 加 雌 札1 脚
h)加 I a S m 脚^
取 JMi-^C E h41脚
Dl m P - ＋
F短.2. h hibitio n ortnicrosom 札Ip乱IndtoylJL･ 悦 rれitlne
hydrohs e a ctiy札yby ahd
･ r&t C 混S孔nd 舶Ili A C ‡1 M 1
孔n 仙 dl岨 M icro弧rn eS(0.2rrl甚)w eresK)1ubiliz cdwith 0.5 %
cholic a cid in10mM T 由一H C) buffe r(pH &0)aTld w e re
in c ubated with lgG(0,3 mg).
isozym e s, m CESlandCES M Ll. On the other
hand,the a ctivity ofthepurifiedm o u s eCESI
mixture w asinhibitedc o mpletelybya nti･ CES
R L lantibodies, butanti- CE S RL4a ntibodie shad
n o effe cto nthe a ctivity.
T he effe ctofanti- C E S RL4a ntibodie sto w ard
mic r o s o mala cylc a mitin ehydr ola s e a ctiv lty W as
e x amin ed. Bothanti- A C H M lantibodies a nd a nti-
C ES R L4antibodie s c o mpletelyabolishedthe
indu c edpalmitoyトdl-c ami 血ehydr olas e a ctl V lty
in D E H Pイed m o u s eliv e r mic r o s o m esbutfailedto
r edu c ethe a ctivltyin n o n-tr e ated m ou s eliv er
m lCr O SO m eS.
Peptide s equ e n c e ofA C H M l by m a s s
SPe Ci710 m etry
A C H M lpr oteinba ndthat w as s epar ated by
S D S-f!A G Ew a s char a cteriz ed bythe L C/ESI
M S/ M Sm ethods a ndthetw elv epeptide s
fr agm e nts ofpurified A C H M Iw e r eide ntified.
T hedatabas e 告e a che s re v e aldthat the s epeptide s
sho w ed loo 鞄ide ntical withtho s e orthededu c ed
a mino a cidsequ ence of m o u se c arbo xylesteras e2
(B C O 152 90)as sho w ninTable 3.
CD N Aclo ning ofm o u se A C H M l
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T h昏CD NA e n c oding.mo u s eAC H MI w a s
obtain ed fro meD NA ofDE H P-tre ated m ou s e
liv erbyPC Ra mplific atio n, T h¢specificpm m er
★
w asde sign edo nthebasis ofthe n u cle otide
s eque n c e ofthe m o u s eCES 2ねmily(BC O15290).
T he obtain edCDNA, r efe rr ed to a s mCES2,
c o ntain edartin･fram einitiatio rl C Odo n(ATG)and
ate r min atio n c odo n(TA岱).The CD N Aw a s1,747-
bplo ngwitha n ope n r 組din甚fra m e of1,686
-bp
erlC Odingapolypeptide of 561amin o a cidr esidu e s,
which w aside ntic alto thate n c oded by
B C O15之90.
B bpre s siof2 0fmCES21iSingba c ulo vir u sinSj9
celLg
The clo n e rnCES2 w a sins e rtedintoba c ulo vir us
a nds u c c es siv elytr 弧 Sfe ctcd intoSf9c ells･T he
ho m oge n ate ofthe c ellsin
'fe ctedwiththe
re c o mbin 弧tVir u s sho w edahighlev elofP N I軌
hydr olas e a ctivity(I1.2j4 m Ole/mg pr otein/min)I
T hisle v elofa c也vityw a s2 43tim esashighasthat
ofm o ckba c ulo viru sinfe ctedc ells(data n ot
sho w n). in tr a cirlgthe a ctivityac cordingto the
differe ntialc e ntrifugatio npr 00edu r e, m o r etha n
(A)
120
10
～
層
β
■
召
S
B O
6 0■
40
20
0
- 亡ト c ES MHl/ ”LL
1車卜･ A C H M l
o.o o.1 0.2 0.3 0.4 0.5
An6- CE S R L l-IgG(m g)
lュo
lO
毒80
1
匂 60■
.i
4 0
2 0
0
80% ofthetotal hydrola B ea ctivityw as r c c o v 耶d
fr o mthe cyto s ols.T he r e m airll nga ctivity w a s
scattered in othe rfr actio n s, W 由te mim mu r).obloモ
a n alysis u slnga nti･ C ESr M ide ntifieda major
◆
im m u n o r e a ctiv epr oteinpr odu c ed bythe
r e c o mbin a ntviru sinthe cytosols(FIg･ 6A)I This
pr otein c o- m igr ated withthepurified AC‥ Ml,
the es也m atedm ole c ula r m as s ofwhich w as60
k Da. Onthe othe rhand, m o ckba c ulovir us
produ c ed nopr oteinthatc o- m lgr ated withthe
purifiedA CH Mldete cted byWeste m
im m u n obloぬn苫.A si milar res ultw asmio
(A) Anti- C E S R L IwtihoJi偲書
1 2. 3
1B)AA ti- C ES R L 4弧 d boJie3
軒
1 之 3
F態.3. W c 5terhj仙 m 柵 Ob h tti噂 Or AC汝 Ml
t1血 卵 nti-ratC FS Antibodi噂 ･ 1, c on trol
m o use]iver mic roso m es(1 0Fig)', 2, D 即 -
treatcd rrK)u s eliver micr o so m e8(10FIG);3,
pu rified A C HMl(10 ng)I Arrow sindicatethe
purifiedprepar ation sl
12 0
(也)
+ コ- CES M H l/”L L
～ A CH M l
o.o 0.1 0.2 0.3 0.4 0.5
Anふ C E S RL4 1gG(m 各)
-
男
80
L
6 60
i
40
20
0
(C)
-亡卜 c E S M H l/ ML l
- ◎ - A C tl M l
､
ー
｢◎
o,o o.1 0.2 0.3 0.4 0.5
A nd-A C H M IIgG(mg)
Fk.4･ E一触 ts otva r加 s a ntlbod ks onp -nitrophe nyla c et 細 hydrolas m ctlvhy or A C H ” Iand
CES is o野 m eS
ptlr 伽 d &o m C57BL/6 miceliver micro s omes･ A ･
anti- C E S礼 l lgG
･
･ B ･ a nti･C ES Ru lgG
･
･ C･ and- A CH M I IgG
･
7
CES MH l/M L l,the mixtr ue orpLlrirled C E S M H la rid C E S M L l･
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obtained fr o meste ra s e a ctivitystaining after n o n
-
de n aturing 払 G E(Fig. 6 B). The r e c o mbin ant
pr otein sho w ed a
- naphtyla c etatehydr ola se
a ctivityo nthegelatthe s am e m igr ato n with
purifiede n zym e, s ugge stl ngthat the m ole c ular
si21e and theis o ele ctrD nicpoint(pI)of both
protein s w er e equ al･
Subsir ate spe cIPciO ofTle C O mbin a nt mC ES2
Hydr olas e a ctivityw a s a n alyz ed u singthe
cyto s ols ofSf9c ells e xpr e ssl ngr e C O mbinant
mC ES 2(m C ES 2/Sf9). T heKm valu e ofthe
mC ES 2/Sf9 fo rP N FA(309JEM)w as similarto
thatofpurifiedAC HMl, whilethekin etic
par am eters ofpalmitoyl-dl- c amidn ehydr ola s e
a ctivityc o uldnotbe calc ulated be c a u s e ofthe
highle velofa ctivityofm o ck/Sf9･ m C E S2/Sf9
ne v ertheles spos s es s ed a m u ch higherle v elof
a cylc amitn ehydr ola s e a ctivitythaJldid m o ck/Sf9,
a nditprefe re ndallyhydr olyヱed de c a n oyトdl
-
c amitin e(Table. 4). W eals odeter min ed the
hydr olytic a ctivitiesto w a rds other e ndoge n o u s
fattya cid deriv ativ es(Table. 4). m C E S2/Sf9
e*hibitedthehydr olytic a ctivityto w ardpalmitoyl
-
mC 巳; 2
^ BOI O6 S
h q を2
m C E S 2
^ 8 01 06 器
h C 6･2
mC E S2
^ BOIO6 S
h C E･2
mC ESi2
A BOIO 6S
hC E･2
mCES2
A DOIO 63S
h C E-2
mC E S 2
AB OIO636
hCE･2
1 m yQL Ⅳ W A G F F 6 L L L n 工ⅡVQ69D SP E ▲甘P =
TAb k 3bPeptbl樹 kle TIti 恥d byL C 仙恰/ M 8 roypud 触 A C H M I･ T h6 押 ti 血き(rt,m
pld) ed A C H M lⅥ 棚 ㈱ 甲 red 戚ththed 血 威 喝 血o 搬id8 呼 触 e Of B C O IS2 90･
pc,6 de m 血
･ 叫 d - 呼 脚
Pqpti霊 濫
t
oTDd&iG52d,o7 bi 肋
1
ユ
3
4
S
6
7
8
9
1 0
ll
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N 一斑T GQIQQSuH V E
FA PP W ヱFⅥ唱O V R
L ぴVLJ3 FFST O D(課1ÅR
O hrW ¢YL DQA ÅA LR
W VQ QNIA H rm NPD R
LS O C 石丸M D SQA LV R
岱K S 臥 r W K
M m V V D O 脚 R
肌 q入V1.汰
らH A P W F Y ErQH 野 SY FR
Y W A N FA R
I.qF W T R
3 7 溝1
7 細
l机 巾19 5
I 9 舶( 瀬
2 0 9 1:抄
之一柑 _29 之
誌 榔
5 1 1.3:扮
藩儲は7 5
4 3 1 欄
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S37 槻
CoA a ndde c a n oyトCoA. Italso sho wedthe
activityto w a rd v ario u s m o n oglyc 昏rides･Inboth
c as es
,
m C E S 2pr efer r edtohydr oly放 m ediu m
-
chainfattyadde stcrs. inter e stingly, mC ES之
sho w ed ahigherle v elofa ctivitytQ W aJTdトole oyト
2- a c etyトs 肘glyc e r oltha n1- m o n o olein･ Asfo r
x enobiotic chemicals, m C ES2sho w ed
slgmific antlyhighhydrolas e a ctivityto MP HS,
whileitdidn ot tote m c c april.
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c atalytic triad;#. oxyanio nholelo op;S, c o n s er v ed cystel n e r e sidu e; u nderlin e. endopla smic r etic ulum retentio n m otif;bo x.the
peptidesidentic altotho s e ofACH M Iw hich we reide ntirl ed by massspectro m eb
-
y.
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トⅠトⅠV Dig.e鵬 Sio n
ln o rdertOidentifytheper o xiso m eprolifer ato r-
indu cible a cyle amitin 母hydrolas ¢in m o useliver
micr o s o m es, w epudfiedandchar a ctedz edthe
acylc ar nitin かhydr oly芝InSe n Zym ePr e s e ntin
D EHP-tr e atedC57 BU6 m o u s eliv er mie r os o m es,
The r es ults sho w edthatahydr ola s e,purified fr o m
D E HP-tr e ated m o u s eliver mic ro s o m e s a ndthat
w a sd鰭ign a旭d AC H M l, exhibitedthehigh
lev els ofpal mitoyトdl･ c a r ni 血ehydrola昏e
a ctivities 弧dof PN PAhydr olas e a ctivity(Table
2). Expedm 孤tS O ninhibitio n ofthehydr olas e
a ctivityu sln甚anti- AC HMl 弧tibodiesindic ated
thatA CH M ldidnotc o ntributetothebas alle v el
ofpal mitoyl-dl- carni 血ehydrola s e a ctivityin
m o u s eliv e rmic r o s o m ¢sbutplayeda m ajo r r olein
DE HP-indtlC edactivity(円g. 2). The refo re, A C H
Mlappe a rsぬ be 弧indu cibletype ofa cylc amitn e
hydr olas 昏t
ThBim m u n olo名ic alcham ctcd祖tio n sho w ed
thata nti-ratC E S2is o zym e(CESR M)antibodies
c o ulddete ctA C‥ M laJld inhibiteditshydrola s e
a ctivity, wher e a s a ntトr atCES1is o zym e(C ES
R L l)a ntibodie sfailedto re c ognizeACH Ml
(FIGS.2A), Fu rthe r m o r e,thepeptidefragm e m nts
ofA C HMlidentified w e r efo undto c o mpletely
c o v er26%of thetotaldedu ced amin o a cid
s equ enc e of m o u s e c a rbo xyle stera s e2
(B CO15290)(Table3)I TheI℃fo r e, thepurificatio n
a nd char acteriz atio n ofA C H M Ipurifiedin the
presentstudys uggestthatitisthought tobe a
m e mbe r of theCES2family.
Toide ntifytheA CH Mlge n e, CD NAclo ning
w asperfo rm ed･ We clo n ed mC E S2ofwhichthe
dedu c ed amin o a cids equ e n c e w a s c o mpletely
ide nticalto B CO 15 90. T hededu c ed a min o a cid
s equ e n c e of m C E S 2c o ntain eds e v e ral m otifs
cha r a cteristic s orC ES･is o zym e s a nd other s erine
hydrola s e s[1,2, 57, 58](Fig･5)･ Fo r e x ample,it
c o nmin ed 4 Cys residu esthata r ehighlyco n s er v ed
in s erin ehydr olases a nd m ayfun ctio n as specific
dis ulfidebo nds･ T he s equ e n c e als opo ss es s ed
(A)
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c o m m o n stru ctures of the s erin ehydr olas e
s upeげ amily'Ser
204
,
Glu
3 2 1
a ndHis
428
, which
c o mpn se a c atalytictriad, aJld Gly
12 4
- Gly
1 25
,
which m aybe apartofthe o xya nio nhole. T hes e
residu e s a r ehighlyc o n s erv edin C ES is o zym e s,
acetylcholine- ester a s es, and butyrylcholin este r as e s･
N - X -Srrm otif, aputativ eN
- glyc osylatio n site
fo u nd in m o st m a m malia nC ESgen es, ho w e v er,
didn ot existinthededuc ed amino acidsequ e n c e
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ofm CES2. T his w asin a c c o rda nc ewiththefa ct
that ACH Mldidn otbindtothe Con-A Sephar o s e
c olu m nduringthepudfic atio n step･ T hisis v ery
inter estingbe c a use m o stC ESis o zym es a rehigh
-
m an n o s e-typeglyco sylatedpr otein s a ndthe re
ha v ebe e n a r epo rtthatglyc o sylatio nis e ssential
for m a ximalc atalytic a ctivityofhu m a nC E S
is o zym e[l,12]. Ho w e v er, glyco sylatio nis n ot
r equir ed fo rthe c atalytic a ctivityofAC H M l･
Figu r e5 sho w s a c o mparis o nof thededu c ed
amino acids equ e n c e ofm CES2withtho se of
othe rC ES 2familyis o zym e s, A B OIO635[59]aJld
h C E-2[4]. Asexpected, thededu c ed amino a cid
sequ e n c e ofm C E S 2sho w ed ahigherdegre e of
similaritytotho s e of the C ES 2familythanto
tho s e ofotherC E S familie s. A c o mparis o nofall
or 也e a min･o a cids equ e n c es sho w ed 也at
AB OIO635,h C E-2, ÅT5 1[60]andr abbit2[61】
are85.7,7O.9,7 2.3 and69.4%ide ntitiesto
mC E S2
,
r e spectiv ely. Re c e ntly, w ehavedescdbed
thatC E S is o zym e s w e r edivided intofo u rgr oups
bas ed o nthe s equ e n c eho m ologies【1】･ T heI℃is
abo ut7 0 % ide ntify within af amilya nd abo ut50 %
ide ntifybetw e e nf amilies. This cla ssific atio nis
als o stlPPO rted byphylogemic analysis･ Figu re8
sho w sthatthephylogemictr e e c o ntai mings om e
m a m maliaJIC E S is o zyme s w a s cr e ated u slnga
simple u n w eightpalrgr o up m ethodof analysis
(U P G M A)de ndr ogr a min th is study. The re ar e
tw ofamilie s of C E Ss a co rdingto this a n alysis.
As e xpected, m C E S2 belo ngto C ES 2familyin
this a nalysis, a nd is clo s eto r atC ES 2 is o zym es
(A B O IO635,A B O IO632).
In the e xpr e ssio n syste m u sl ngba c ulo viru s,
r e c o mbin ant m C E S 2m o stlye xisted in the
cyto s ols. T he r e a s o n whyrec o mbin a nt mC ES 2
w aslo caliz edinthe cyto s olsde spitethefa ct thatit
po s s e s s ed aC- ter minale ndoplas mic r etic ulum
retentio n signal, H X E Lm otif【42,62】,is cu m ntly
unkn o wn. Intracellularlo caliz atio nofrec o mbin ant
mC ES 2w a sdiffer e ntfr o mthate xpe cted, butits
m ole c ular w eight, m ole c 11a r size, pla nd
im m u n o-c r o s s rea ctivity w er eide ntic altotho s e of
C E S l ねmny
C ES2 ねmlry
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Hu m東q C∈S AT51(D之B68q
”Lm 軌nh CE･2(U 釦巴描句
Mo ㈱ mC E 8 2(A Bll 00 7a)
R 東 AE30106 S
R& ÅB Ol 峨
F払8 PLY)o#edetre efo rC 濫S 仙 恥Ⅵ 捗 Phylog餓i¢tTb¢ 鴨 き
created 血gA 8iTDPl… n･ w ei&htpairgr 榔p m ethod d 孤 軸 8
(UPOM A)de ndr o卵 m Thetriyidn 且m CLIqPe Cie& Ad 野馳 ¢ba nk
ac ce5ZBion numberfortheir CDNAarc nded. R8re 榔 雌fcqthや d) NA
馳que n C e W as 8ho w h ASf dlo w s;hC払 帥 ;CESd Dl.(4);pI6･1.(43);
HydTO)脱 q(44);ES4.(ll);E乳 (4S);E 脚 ,(46); 鮎bbit2,(3取
AYO34S丁7.(3 5);C ES A T 5 l, 伊7);h C 良2,(36hABOl 脱 5,(35L
mC ES 2 Ⅷ rep d edinthePreS e nt 如dy, 0 払erB w ere not Ptlb b hed･
purifiedACH Ml(Table3, Flg･5, 6)IIn additio n,
the r e co mbinant mC E S 2c o uldcle a v e m ¢diu m-
and lo ng- ch ain acylc amitin e s(Table･4)･ Together,
the s e r esults str o nglyindic ate thatA C HMl is
e n c oded bym C ES2.Itha sbe e n sho w nthat m o st
C ESis o zym es c anhydrolyz e s e v e r als ubstr ates,
a nd m C E S 2 als oexhibited br o ads ubstmte
specificitie s. A m o ng endoge n e o u s s ubtmtes,
m C E S 2pr efe re ntialyhydr olyzed acylglyce r ols･
T hu s,inthebasal le v elofe xpresio n, m C E S2
m ayfu n ctio n as a mic r o s o mala cylgle c er ol
bydr olas e. T hebydr ola s e a ctivityormC ES2to
a cylglyc e r ols e e m s s ubje ct tothele v elof
esteri fic atio nofglyce r olsin c ethele v elof
hydr olas ea ctivityto w a rd I- ole oyl-2- a c etyl-s n-
glyc er olisbigberthat that to ト m o n ∞1ein･ Sin c e
m o stC E Sis o zym e s a cta sdrug m etabolizing
e n zym e, w edete minedthebydr ola s e a ctivitytO
pr odrugs･ As e xpected, mC ES 2c anhydrolyz e
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¢ste叩 r Odr ug, MPHS;thu s rnCES 2 is als otho ught
tofu n ctio n adr ug m etabolisinge n zym e. Detailed
a nalysisfo r s ubstrate spe cificitiesofmCES 2a re
definitelyn ededto clarifyther olesofmCES2in
dr ugm etabolis m.
Itis v erydiffic ult to spe c ulatethephysiologl C al
signific a n c e ofthe 既iste n c e a ndindu ctio n of
m CES2inthe e ndop!a smic retic ulu m sin c e
mC ES2sho w spr omisc uo u s 紺bstr ate spe cificty
to c ndogc n e50 u S触tya cid朗tCrS･ On eipo ssible
fu n ctio n ofmC ES2isthat, as s tlgge Stedby
Me n舶in et由.【2 1], mC ES 2m aydeto xify
m embr 弧 かIy8inge o n 鎌 ntr atio n s ofa cylc ar nitin e
illhepatc cyt鵬 W 他 thetr e atm e ntofpe ro xis o m e
pr oliferato r. ぬ uletal･[63】sho w edthatclofibr ate
甚r e &tlyincre as edc amitin ¢ a nda eylc amitin c
c o n c e ntr ationsintheliv er(by6a nd5 fold,
respe ctiv ely). Anoth昏rpo s siblefu n ctio n of
m CES2is c o ntr olofv erylow -densitylipopr otein
(V L DL)se c 柁tio nfro mtheliv er･ Ithas re c e ntly
be e n r epo rtedthatt血eylglyc erolutiliz edfo rthe
a ss e mblyofa VLDLc omple xw as synthe siz ed
fr o mdia cylglyce rol弧 da cyトCoA , and that
mic r o s o m ala cyトCoA w a sgen er atedfr o m
a cylc amitin ebyc a mitn e a cyltran sfer asein
intralu minalspa c e s ofmicr o s o mes[64]･ mC ES 2
mighthydr olyz ethe a cykami dne, a cyl- CoA and
a cylglyc e r ol, e v e ntualyr epr e sl ngthe V L DL
s e c re也o n.
In c o n clu sio n, w e ha v e pmi fied a nd
cha c ateriz ed a n A C HMl fro m D EH P-tr e ated
m ou s eliv e r mic r o s o m e s, a nd w e clo ned the
CD N Ae n c oding A CH M l, n a m ed mC ES 2, a nd
e xpr e s s ed itin Sf9 c ells a nd cha m cterized it･ T he
r es ults or the pre s ent study s ugge st that
rnc E S 2/A CH M lis a nindu cible m o us eliv er
micr o s o m al a cylc a mitiTl e hydr olas e a nd it
belo ngedto the m e mber of the C E S2fa milythat
c an hydrolyze m ediu m- and lo ng
- ch ain
a cylc amitin e sas w ella s a cyl- CoA, a cylglyc e r ol
a nd pr odrug･ T his mCES 2/A C H M lm ay play a n
impo rta nt r oleinfatty acidm etabolis m and drug
r n etabolism thr o ugh itsbr oads ubstr ate spe cirlCity･
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De xa m ethas o ne 血duc ed m e蝕y且prednis o且o n ehemisⅦc cin ぬ hydml汲容e;Ⅰ触
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existe n c ein pla s m a
トIIトⅠIntrodu ctio n
M u ch interesthasbe e ntake nbybothclinician s
a nd re s e a rchersin theindu ctio n ofe xpr es sio n of
drug- m etabolizingen zym esby v ario u s che mic als,
in cluding dexa m ethaso n e, which is･o n e of the
potent indu cers of vario u sdrug m etabolizing
en zym es. Ithasbe en sbo wn 血atde x am etha s o n e
can stronglyindu c e cyto chrom e P450s(C Y Ps)in
r ode nts a nd hum a n[65, 66] whichr e s ultsin the
alter atio n of pha m a c okinetia s and
pha rma c odyn amics ofa co- administr ated drugthat
is metab91ized bythe C Y P[67,68]･ Asfo rC E Ss,
ithasbe e nrepo rtedthatde xamethas o n e c a u sed a
slightin cr e asein hum a nC ESis o zym e sin hu maJI
pn m a ry hepat∝yte s [16]. In additio n,
de x a m etha s o n epo ss es s es apotent and inte resting
abilityto affTe ct C E Se xpr e ssio nin the r atliv e r.
Hattori et al･ [56, 69] repo rted that
m ethylpr ednis olo n ehe mis u c cinate (M P H S) w a s
hydr olyz edto m ethylprednisolo n evia C E S in rat
liv er micr o s o m e s andthat s e v e ral clinical ly u s ed
glu c o c o rtic oids,in cludingde x a m e也 as one, c a u s ed
a r e m arkable in c re as ein the le v el of this
hydr olytic a ctivity･ In c o ntra st to the repo rt of
indu ctio n of C E Sa ctivity, s om e rese ar chers ha v e
sho w n that the le v el of micr os o mal P N F A
hydr olas e a ctivity w a s signific antly decr e as edin
r atliver micr o s o m es[16, 70, 7 1]･ T his appa rent
c o ntr adictio ninthe s am e animalsispr obablydu e
tothedifferent m ethodsfo rdete rmin atio n of C E S
a ctivltybyu sl ngdiffer e ntC ESs ubstr ate s;thu s,it
ishypothesiz edthat the C ES is o zym e c ontributing
to PN FA hydr olysISin r atliv e r mic r o s om e sis
diferent fr o m the o n e c o ntri buting to M P H S
hydr olysIS･ Ho wev e r, the r at CES is o zym e s
re spo n sible Fo r M P H S hydr olysISin r at liver
micr o s o m esha v e n otbe e nide ntified.
T he pu rpo s e ofthis study w astoide ntify the
de x am etha s onかindu c ed CES iso 2:ym e that can
hydr olyze M P HS in the ratliv 昏r. T he re s ults
r e v e aled that the de xam etha s o nかindu c ed CES
is o zym ebelo ngsto theC 払2fa mily(rC 済之) 弧d
po ss es s esdi飢珊 nt bio ebe mical pr op¢rtiB Sfr o m
tho s e of kn o w n r at C ES lis o 芝ym e S. Wet also
ide ntified the ge n e; e n c oding rCES2 by CD NA
clo ni ng a nd fu n ctio n al e xpr es sio nin Sf9 c ells.
Fu rther m o r e
,
w efo u ndthatrC E S2w a spr es e ntin
plas m a andthat th¢ aJ n O u nt OfrC E S2pr oteinin
plas m a w a sin cr e a s ed by de x 孔m etha s o ne
a c c o mpanymg a ninc r 飽 S ein thele v elof M P HS
I
hydr olas eac也vity.
トⅠⅠトⅠI Materials a ndMethods
Animals, dex aTPWlhason e加 a 加 ent a ndpr甲 a ratio n ofbsue
sa mples
A 血It m 曲 S坪agtR
-Dawl¢y r ats (Japan 告l c In c･,
Shizu oka, Japan)of 7w eeksin age w er e usedin 血is study･
n e rats werehotlSCd in a180- 0600 hdark/0600 - 1 800 h
lightcycle wi th fre c a cc es sto cho wand w ater. One 即OnP Of
rats (n = 3) w as giv ¢n dexam cthasQne (W 独o 軌 耶
Chemicals, Osaka, Japan)in co m oil by intrapedto ncal
inje ctio n ata dos e of 5mg/kgb uy w eightfor4c o ns ectldvc
days, a nd an othergrotIP(A = 3) w asgiv en co m oil in the
s am e w ay. The rats w ere sa crified o nday 5 afterinjectio n,
and the liv ers w er e r e m o v ed, w eighed and pi 爪1 駆d with
1.15 %KCl. M icros o m es w ereis olated by difre cntial
centriftlgation as des critnd previo usly [29] and w ere
rests pended in SF rbⅦ仔er(0.25 MstlCrOS e, I m M ED TA
and 10 m M T ris, pI17.4). Blo od w asalso colkcted fro mthe
ao r(a of ea ch r at with a syn nge u nder diethyl ether
an esthesia, a nd plas m a Ⅵ′as obtain ed by centdftlgation
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(l 卿 x g 紬 10 血n) of the bl00d specim ens. T hes e
sa mpl6さ W erC Sto red aト 鮒
oC t ntih w cd. Co ntrol(co m oil)
and dc 脚 膿血脈 Q n C-tr e ated ratliv er microsQ江1eS arc referred
to here asCo ntrol Ms and D餓 Ms, respe cdv ely, a nd,
simi hrly, co ntrol(co m oil) and dexa m etha s 弧 かtreated rat
phs m a 乱re referred to h 耶 舶 Co n一拍l Plas m a a nd De 託
Plasm 恥 reSPC Ctiv cly･ 伽 tein c oI泣 entrations were
deterxni edby Ⅶsing a Biか RBEd Dc Prot血 Assaykit伊io-
Rad Lhb m tod執 馳 rctdes書 C A, uS,A,). Gluta m ate -
oml脱 Ge蜘 e tran s 弧血 舶 e (G O T) and glllta n 孔teザyrtryatC
tran sand ase(CiF r) 魚Ctivi鮎s w ere m e ast md by using a
GCYr-tJV T ES T W hko a nd a G P r･ u V T 忘S T W 搬o(W 奴o
Ptxrc 仇 emicals), respc ctiv cly. Allsubs equ ent p 桝 edw es
w 耶 Pedo m edat0 - 4
oC･
S D SザOLya cTy払midq get electypphw esi (SO S-J狙G E),
Westw nblof#ng a nd estw 郎e a e蜘叫 sfain加g aPw noyl･
de乃α如 n
'
ngJ訊G E
SDS･ 臥 砿 w 舶 紳 d with lO% acrylami degd･
A fterthe elc ctro帥 脈 豊奴 eithcrco 切 氾aSSiebdlhantblrLei
staining(Quick-E B B ki(;W hko PLXre Chemicals)orWeste m
blot也ng(ⅥさCtaStain EliteA B Ckit;Vcctor 伽 tories.Inc･ ,
Btぬin伊 皿 e, C A, U.S.A.)w asp8rfo mcd･ h bothcas¢s,the
押印浩血 脈 W aSPedor m ed 恥 CCqdinBtOthe m andactw cr
'
s
dir ecぬ 耶 , SIN:Cific an也bodics u sed in W cst 弧 blot軸g w 批
a山 一 C E S R H landb d ies, 銑【由一 C E S R L la n塩 山ies and
aJld- C ES R Man也b d ics, which w crcprcvlOtLSly pr p ed
【乳 72]. An dサ actin an血b d ics and.s cc o血 ya n也bodics
fq thcm w erep町 Chsed 鉦o mSigm a(St･ LDtis, MO,
U.S.A).
btem s¢ acdvity staining aflcr n o n
-derLatt h gFA C Ew as
pd or m cdasdescri bed inthe s ec也o 政トⅠ
- 臥
ln thcse expe m ents, ptdlCd rat C E S iso毛ymeS W ere
u 灘dasposi也v e co伽 1s[29,7 2]･
Dete rTni atio n ofhy加Ea Te activゅ
M p HS hydr olas e activity w as dete 血 ed ess enti ally
a cc ordingto the m eth dof Hattoriet al･ [56]asdescritN5d in
the s ectio nトⅠⅠ-II.
Hydrolysis of P N FAw asdetermin edcolodmetricallyin
50m M Tri告-H Cl buffer(pH 8.0)at3 0
oC by m easmingthe
a m otnofp
- 血trophcnolreleased asdes cdtN!d in the $6Ction
I-トr[
.
T he substr ate c on ccⅡtratio n of PNfh for
de(ermin a也o n of hydmlydeacBvity w as5 00pM.
Specific activi 加s of q 訪tow ardstw o s ubs 触tcS u sed
w ere expressed inter m s ofthe a m o1 氾tOfstd)str at¢
hydmlyzed inlmin Ⅶdcr s坪Cified c onditiαlS･ 馳 yme
kin edcpara met郎 W ere estimatedu sing a c o mputer 脚 m
(DeltaGraphv cr4.5,SPSIn c” C hicago,IL)designd for
n o n･linear r6greぎSi租 a n alysis asdescdbcdprc yio usly[20].
払 ch m eankinc血 v 血 e w asthe av 倒 S¢ Ofthr¢eindividu al
e xpen m ents wi血 土 S.D･Studenでsi-testw aspeJiTo m cdto
dctcrxni e sigdfic
'
弧 Ce Ofdiffercnc6betw cc ntw ogm ups･ P
v alu esl郎 Sthan仇OSw eretakelntO 加 si卯ificant･
Ihhibito n a ss ayby using 甲βCiPcZgG
lも8ⅠgO fracBo ns ofrabbitandscru m orc o trolscrtm
w erepd fled fm m whole an鐘bodies asdes critxd inthe;
s e ctio nI-I-rL
Ⅰm 正和 肘Pred〆tado nwith specificlgO w aspedo m ed a s
des cri 加d inthe sec也onI-I皿 払ther a n也- C E S R u lgG(0.I
mg)o r c ontrol ⅠgG(0.1 mg) was 脱d･ A fterthein c血 一皿
wi dl lgG and pmt血 G agaro w e, thei S tVer mtant Was
re m o v ed andtLSed for adet紺 地 o n of M P H S hydrdlas e
activity as described atx)v e. Ⅰ血ibitiⅧ ass呼 W aS als o
pedQ rm Cd fw Con 加I Plas m a zLnd D8X刑a m 乱in die S孤 C
w aye xc eptfq the S Old ni2a也o nbydlQlic ad d･
tm m 柳 OPreCipilaLion a nd deter miW io n of a miTW acid
sequ en ceof de m etha ” n e-indu c ed ca rb 叩 uSte raSe by
n a n o- eleciro甲ray io nizatio n ta nde m m ass stxTC加 m efoTy
(TZa n O-ESI/ MS/u S)a natJIS由
sol止血zcd De託Ms and Dcxnas m a w eT e
.
inctlbated with
an也-C BS R u lgG fq 12A at4
oC andcentrif喝edat18･O W
x gfor30m 血 A触 r w ashing with 10m M T is
-HCl b d rcr･
the pre ci由tates were diss olved in s QltLbni2 3tio n btdrer
co ntainingS D S･ The sa mples w erein c ubated in a w aterbath
for60 min at60
oC andsubjectedto S D S- 臥 G E･ Then,the
s epar ated proteins were vis 取1iz ed by c 00 m assie b丘mant
blu e asdescritxd abo v e. The singe band separated w as
takenoutfro mthe gel･ Pepdde sequnece ofthe protein w as
dete min ed by n an o
-E SI/ M S/M S analysis (c onsign ed to
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Exigen;Tokyo,Japa n).
Deter min atio n ofa mino a cidseque n ce ofpur押d C ES RLJ4
拙 fied C E S R M(100pg) w as digested wi 也
e ndopr otein aseGll- C (V 8protease) (Sigm a)in loomM
Tris-H Cl buffer(pH 8.0)c o ntaining0.I % S D S. The mixttlre
w asin ctlbated fo r3 hat37
oC andthen s ubjectedto rev ers e-
phase‡ 肌 C des cribed abo v e. T he colu m u sed w as a T SK
o ctade cyl-4 P WCr OSO H, Tokyo, Japan). Alleltltedpeptide
wasseqtlCn Ced by altO m ated E dm andegrada也o n using a
m de1 470A gas-phase s equ en c er(Applied Biosys【em s,
Foster City, C A) with an o n-lin eSrN:Ctra･ 抽ysics Model
S P81 00 P rH amin o acid an alyzer (Applied Biosyste m) as
descdtN5dpre viously[14].
Total R NA prepa ratio n a nd rev ersetTa nS Criptio n-
polym era se chain re actio n(R T-P CR)
Total R N Aw as extractedfro m eachhver s ample(co ntrol
liver: n≡ 3,dexamethas o ne-tre ated aver: AI 3)u sing
Ⅷ zolre age nt(hvitr oge n, C alsbad, C A)asdescribed in the
s ectio nI-I-a For cerWICation ofsynthesis ofeq悦1a m ou nts
ofcD N A, P C Rw aspedo 皿 ed(94
oC for15s, 49
oC for20
s,68
o
Cfq 4 0s and35cycles)tlSing a setofpdm ersfor
detectio n ofratglycer aldehy血 -pho sphatedehydrogenaTe
(G A P DtJ)gen e expressio n: s ense,5
'
-
T G C A C C A C C A A C r G C mA3
'
;and-s ens e,5
'
-
G GjiT G C A G G G A T G m G TrC-3
'
. Anothers etofprim ers
(sens e,5T- C A A G A G T G G A GCA G A m C-3';an岐-s e n se,
5' -G TA C T T C A T C A TCC GCCrA C-3
'
)w as us ed fo rP C R
(94oC 払r15s,55oC for30s,68oCfor45s 弧d36cycles)
todetectA B O1 ∝35gene expressio n. T heP C Rprodu ctw as
pt dled by 心Inga W iz ard S VGela nd f m Clean- up
Syste m(no m ega, Madis o n, W I). The n u cleo也de s equ en c es
of theprodu cts w eredetermin ed byu s mga DyeTe 血 ator
CycleSeqtlenCing-Quick StartEit and C EQ200 0 D N A
AnalysisSyste 皿@ eckm aLCodter. F dlerto n, C A)aJld
w ere c o n丘rmed byseqtle n Clngatleast twiceinea ch
direcao m.
CD NA clo niTlg OfABOI0635
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r m a mplificado n w as carried ollt tOdeter min ethe
codingregl On Of A g o10635CD N Au singratliver CD N A
descd 加dabo ve as ate mplate. 7nefollo w ing Pri m ers W 駅
tlS Cd: s en se
,
5' -T A G C C C G A C G A A C r G AG A AC rG-3
'
;
antis en se, 5
'
- C C A C A C r C T CyT r C C r rr C A C C A-3' .
r
nl e
a mplified D N A fragm ents were s ubclon ed intothepC R-
B hmtIITO pO v e ctor(Invitrogen)/ nlC nuCle otidc
sequences w eredeter min ed asdes cri bed abo v e and w crc
conrl m ed byseqtlen Clngatle ast twicein 飽 Ch directio n.
B kpTle S Sio n ofA B191 α)5/A BO16W35 inSjP cells
Expressio n of A B 191(X)5/A B O10635 by nslng a B A G-T O-
B A C Ba cd ovir 耶 Expr¢ssio n Syste m (Invitrogen) was
caried ollt in ac c orda n ce withthe directio ns of the
m an ufa ctu rer asdes cribed in 払e section トI-II. Cytos olic
fra cdo ns of Sf9c ellstran sfected with m ock bacdo vim 娼 a nd
dlOSe e XPreSSlng A B191005/A BO 10635were prepared by
stlbje c血g 血c c ell lys atc to ce nbifugatiQn(LOB, ㈱ 冗 g for
60m 血 at4 oC) 弧d w cre 耶 ed forthe ass ays.
トⅠⅠトⅠⅠI Results
EHe cLs of de x a m etha s o n e o n cw boxyle ste r a s e
a ctivityin r atliv e r micI V S O m e S
Intr aperito n eal injectio n of de x a m ethas onefo r4
c o n s e c utiv edays r e s ultedin a m a rkedin c re as ein
the le v el of M P H S hydrolase a ctivity(24.5fold
in cr e as e
,
P<0･0 05), while the le v el ofhydr olase
a ctivity to w ards PNFA w as decre ased(pく0.005)
(Fig･ i)I T hes e cha nges ar ein go od agr e e m e nt
with pr e vio u sly r eported res ults [56, 70]. In
r espectto physiologlCaleffects of de x a m etha s o ne,
r atsgi v e nde x a m etha s o n e e xhibitedhepato m egaly
a c c o mpa nyi ngI n c r e a s e sin G O Ta nd G FTa ctivity
le v els
,
altho ugh thes e in c r e a s e s w e re n ot
statistical ly slgnific a nt a nd w e r enot c o rer ated
with the le v el ofin c re as ein MP HS hydr ola se
a ctivityin mic r o s om es(data notsho w n).
Identij2catio n ofc a rb叩Ieste r a s eindu c ed
bydex a m etha s o n ein r atliv e r mic r o s o m e s
To ide ntifythe de x am etha s o n e-indtlC ed
C E S is o zym e, ester a s e a ctivity staining
afte rn o n-den atu ringPAGE w asperfo r m ed.
As sho w nin Fig. 2A, indu c ed e ster a s e
a ctivity w a sdete cted at the s a m e m igr ated
◆
po sitio n a sthatofpu rified CES RL4. The
pr otein indu c ed by de x a m ctha s o n e w as
als o dete cted by Wester nblotting u sing
●
C E S RL4spe Gi鮎 a ntibodie s at the s am e
m lgr atedpo sitio n asthat ofpuri鮎d CES
R u(Fig･ 2 B)I The s eresultsindic atedthat
de x a m etha s o n eindu c ed a C E S is o zym e
that w as clo s ely r elated to C E S R L4in
ter m s of m ole c ular w eight of a s ubu nit,
is o el ctr o nic pclint a nd
im m un o cr o ssr e a ctivity. Ⅰt w asals ofo u nd
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gtl rel･ ErFkcts ord 酬 ethJbS Oh e On rrdcr o 醐 舶IC7!LAqみd 帥l雌 hl ratuFer･ A･ M 陀S hyd氾1as e
activity;a,P N PA hydr olase a ctiyity. The sa mple n u mberin c血 酢OuPW asdlre e･ Eachv a血eisthe
m ea n ofthr eeindepen血Itass ays(iS DI).
*indic細es statisticdlysignific細tdi 恥rcn ce co mpar ed
with Co ntmlM女(Pro.OO5).
tha'Jthele v elofe xpr e s sio n ofthede x a m etha s o n か
indu c ed CES is ozym e w as ve ry lo w in n o r mal
c onditions. Asfo r othe rC E S is o zym e s,the r es ults
sho w edthat e xpr e ssio n of both C E S R H l(as o
n a med E S-10
, pI6.1 orhydr olas eA)and C ES R Ll
(als o n a m ed E S-4 o rhydr olas eB)w er e r epre s s ed,
in c o n siste nt with pr evio u s results. The a ctivity
ba nd ofCES R Llappe ar ed as adoubletinFig･ 2 A･
Sa nghani et al･ [59]obtain edthe sa m e re s ults
A
C 玉欝 R‡Ⅰ1
CI娼 R LI
C 8SR u
Cozl加I h43
a nd c o ncluded that both ba nds w e re origin ated
fro m E S-4 by liquid chr o rn atogr aphy E SI/M S
a nalysis.
The results de s cribed abo v eimplied that the
de x am etha s o n e-induced C E S is o zym e w a s
ide ntic al to C ES RL4. To dete r min e this
po ssibilty, amin o acids eque n c es of bothpr otein s
w er ¢ a nlyz ed･ A peptidefr agm e nt c o ntaining 25
amin o a cid r e sidu es of CES RL4(includingtw o
u ndefin ed re sidue s, N-
B
ctJ: E S R H l
叶 ･
若 =
aJ= 弧 1
aJ: 苫S R L 4
噸ト ー ー ー
D exM s Ptld8eden zyme
αヰー ■db
Con tro一Mさ De xM s C ESR HICES R LI C ES R u
Ptld 鮎de皿町 m eS
F如 r e2･ 旭 d rb' 曲 A O 絶 妙 th㈱ l e･b&dvc ed α S 如zyne ” rat lber 血 - ○ - IThe s a mplelo adedin e ach la n eisin
dicated belo wthepa n el in Aa nd B･ A ･Este r as e
a ctivityslal n lnga洗e r n o n-de n atuTingP A O E･T he a rn otn -of mic ro s o m alpm 血rLSlo aded he a ch la n ew as5帽 ･ Ⅷ e n a- Ofthe a S is o
zym edet8 CtCd in e adhpanel is sho w n o ntheleft
side oflhepa n el, 弧 d an a u o w(s)hd血-e sthe c oq e sFo n血 ga ctivityba nd(s>PU T - C E S isozymc s(C E S R E l,C ES R
Ll･ and C E S R L 4･100nge ach)w ere uscd a spo sitiv e c o ntmls･
a, W e ste m bloロing.T he a m ou nt of mic ro so rn alprotelnSlo adedin e a chpa n el w a s2･5p g･ 山一i
- C 防 R t ua nd bodic s, a nti < E S R Ll antibodie s･ a nd a nd
- CE S R L 4a ntibodie s w er e u s ed
to dete ctthe expr e ssio n ofthe c o - spo ndingC E S isoq m e a sindic ated o ntheleftside Ofe a chpa n el･ Antiサa c
tin antbodie s w e re u s edto dc-ect軒a ctin proteinfo r v e rific atio nthat a
si mila r a m o u nt ofpr otein w a slo adedin ea ch la n e･ Pu rified CESiso zym6S(C E S R 日1･ C E S R Ll, a rid CE S R L4･ 1
0 0nge adl)w e r e tS ed a spo sitiv e e o ntrols･
3 0
QH A P XY FK N V R P X HVKA D H A D E V P トC) w a s
idemi fied, a nd s e v eralpeptide fr agm e nts de rived
fro m the de x a m ethas o ne-indu c ed C ES is o zym e
w e reide ntified. A database se ar ch r e v e aled that
the amin o a cid s equ e n c e of these peptide
fr agm e nts obtain ed fr o m CES R L 4 a nd
de xam etha s o n e-indu c ed C E Sis o zym e w er e
identicalto that of A B O 10635(Fig. 5A). T he s e
findings indic ated that C ES R L4a nd
de x am etha s o n e-indu c ed C ES is o zym e ar e
pr obably the s a m epr otein･ T he de x a m ethas o n e
-
indu c ed C E S is o zym eisthe r efo r eher e after n am ed
C E S RIA.
Inhibito n ofM P H S hydT Ola ぎe a Ctivityin r atliv e r
micT･O S O m eSbya nti- C E S R L4 IgG
Inhibi也o n as says were perfor med u si ng a nti-
C ES R u lgG to deter mine whether C ES RIA is
r espo n sible fortheincre as einthele v elofM P H S
hydr ola se a ctivityln r atliv er micr o s om e sindu c ed
byde x amethas o n e. As sho wnin Fig･ 3, anti- C E S
f M IgG significaJltyinhibited M P H S hydr ola s e
a ctivityin both Co ntr ol and De nMs(de c r e a s e sto
53.8% and 21.8 % of that of c o ntr ol IgG,
r e spectively). Colle c也v ely, the r e s ults w e r ein
good agre e m e nt withtho s e obtain ed by Weste rn
blotting a nd ester ase a ctivity staining. The
findings sho wed that thein cr e a s e ofthele v el of
M P H Shydr ola s e a ctivityin De nMs r es ulted fr o m
theindu ction ofCE S M. Weals odete rmined the
c o ntri butio n ofC ES R utohydr olysis of P N 払 in
Dex Ms･ In contr ast to the finding of strong
inhibitio n of M P H S hydrolase a ctivity, the effe ct
of a nti- C E S R u IgG o n micr o s o mal P N FA
hydr olase a ctivity w as s mall(de c r e as eto82.7 %of
thatofc o ntr olIgG).
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e xpr噂 Sion byde x a I 班也 舶 OtLeln mt且ye r･ RT-PCR
arlalysIS Was Pe rfor m ed byusmgtotalliv e rR NA
fro m eachratin panel Aandliv e r CDN A fro m e a ch
ratin pa n el B. The na m e of the sa mple usediI- e a ch
ladleisindic ated belo w the pa n el. N ･ C･ indic ate s n o n-
te mplate contr ol. A , detection orge n omic D N Aor
the G A P D Hgene
･
, B ,dete ctio n or A B O IO 63 5cD N A
'
,
a nd C,dete c屯o nof G APD HCD N A.
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･e xpr e ssio n of
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de x a m etba s o n e-indu c ed
r atliv er. R r- P C R is n ot
a co mpletely
qtlantitativ e m ethod fo r
e valu atio n of mRN A
expr es sio n;n e v e rthele s s,
the r e s ults of RT-P C R
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F触ure 5･ CIBLSdr k&do n or A B l タ1 00 5IA B O I Oia5 a s A m e mbe r orthe C E S 2 bT叫 ･ A t Co mpariso n or the
ded甘C ed amin o 由仁id
sequ enc e of AB O 1 06 3 5withtho s e of hu ma n a nd m o tlSC C ES2is o zyn e s･ S hado w sindic ate diffe re n
c esin a min o a cidr c sidu c s- Italic
lctle rSindic atedi e Sig似 1peptidc(ト2 6) pr edictedbyc o mptLte r a n alysis(Sign al I P 3･O Se rv e r
･
･http://w ww ･cbs-dttl･dkJsc rvic e s/
sig mlPO. *indic ate s c ons e TV Cdq′s(1 2 5)r e s血 ¢ ･ a ndsta rsindic atetl.- amiIIO a cids c o mpo singa c atalyti
ctriadl S亡r(2 3 0)I O ltl
(3 4 7). a nd 日is( 459)IS hld ic 舶 stw o O lyrcsidu c s(1 5 Oa nd15 1)in v olv ed in a n o xyaLnio nholelo op･ a nd fo l汀 re Si
du e satth … a 7bo xyI-
tc rmin al(rli㌻A )a -G h1-Lct1. 55 7-5 6 1). indic ated by#. B r Cthotlght toftln Ctiona s a n c ndopla smic rdc tJltl n rete ntio n sign al･ No
pntBtiv egb,c oglatio n site w a sfound･ Nu mbe rsillpa 托 nth
e se sindic atethe .clativ epo si也o n orthe c o m spo I血 gamino a cidrc sidu c
withrc spec=o the {lr StMet re sidu e. A n u nde r丘n cindicate sthe peptidc kle =[tificd bya min o a cids equ e n c e a n aly由 orpq
ri 6cd C ES
R L 4. Bo x e sindic ateth 叩 ePtidc side nti fied by amin o a cklsequ en ce aJl alys- s of dc x a un ctha s o n c
-ind状 edCE S iso zym e h liy e r
mic ro s o m c s. a nd boldlelte rsindjc atcthe peptidc ofthedc 冗且 n ) Ctha so tle
-indu c ed C E S iso町 m Cin pIBLS m a･ B t phylo呈C nic b
.
e c of hl- an
a ndrd e nts CE S 如z･yrn eS. T riv aln 血 Ie S, aLnim als . a nda c c e s sio r ” tlmbe rsa re sho w nfr o mleftto ri畠ht
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A BOIO635mRNA w a s obviously gr e ater in
dex
'
a m etha s o n e･treatedliv ertha nin c o ntrolliv er
(Fig･ 4B), Both de x a m ethas o n e-tr e ated liv e r
CD NA and c o ntr ol liv er CD NA ar efr e efr om
gen omic D NA c o nt amin atio n(ng･ 4 A) and ar e
synthesized in equal am o u nts (Fig. 4 C). The
n u cle otide s equences of P C Rpr oducts w er e
c onfir m ed asfr agm ents ofA B OI63 5CDN A by
dir e ct D N As equ en c e･ In this c o nfir m atio n, o n e
n u cle otide of the pr odu cts w a sfo und to be
mis matched to that of A B OIO635(at po sitio n
＋10 93)I
CD N Aclo ning ofA B 191005/A BOIO635a nd its
e xpre s sio ninSJ9cels
T he pr otein of which partial amin o acid
s equ e n ce is ide nticalto that of A B OIO635ha s
be endete cted in
r at
-
1iver micr o s o m e s[59], butit has not be e n
cha r a cteriz ed･ Ther e has be e n n o r epo rt of
A BOIO 635CD N Abeing e xpr e s s edin e止a ryotes･
Thus
,
to c o nfirm that A B OIO635en c ode s C E S
RL4, CD N A clo ning w as perfo rm ed. T he
nucleotide s eque n c eofthe obtained CD N Aclo n e
sho w edperfecthom ologytoA BOI O635e x c eptfo r
two n u cle otides(C IO93 Tand C 1548 T). The
form er o n e w as als ofound inthe r e sults of R T_
P C R a nalysis as de s cri bed abov e. These
substitutio n sw er e als ofo u nd inthedata ofthe Rat
Ge n o m ePr oject ” .S am e r. a C. We
s ubmitted the n u cle otide s equ e n c e of u r CD N A
clo n eto Ge n eba nk
,
E M BL a nd D D BJ(Acc es sio n
n o･ A B19105)･ T hes e nucle otide cha nges ar e n ot
a c c ompamied byamin o a cid alte r ation.
T he dedu c ed amin o a cid s equ e n c e of
A B･191005/A BOIO635 is show n in Fig･ 5 A with
3 3
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軸 r86･ C 乱m derh d伸 ば 棚 t血 棚 tr血 C 捗e 堺 e8P ed h
S汐 ceb ･ Mod吋S軌 qto 鮒Iic 触 ctio n ofSlycen&t汲 nぬ a ed with
e mptyba d o vinlS･ rC E S 2!S軌 cytosolici ぬ ctiB A Of Sf9c 81l息
e xpressingrC 濫S 2･ A ,Estcras - ctivity普tAi 血s. 御 osolicpro輸ins of
S 伊cel19(10pg)w ereloaded in ea ch 如8 ･ PtlrifiBd CES RL (^lo o
ng)w asused for C O mPaL由s o n･ a, W 蝕te mblottingu13ing& nli･C FdS Rl.4
弧tibodies･ Cyto solicproteiASOf S f9c el b(15ps)wereloadedin each
)an t. PtLri 5ed C E S RL4(100ng)w as tJS ed forco mpari剛 . Ån arro w
indicat¢Sthe bandre cogniz ed by &n(i
- C E S R L 4 細ibodies. a,
determinatio n of M P H S hydrolase a ctivity･ Ea chv alu eis the m ea n of
thr ecindependentass ays(i S･D ･)･
co mparis o nto hu m an CE S 2 is o zym e(h CE-2,[4])
and m ous e C ES2 is o zym e(mCE S 2, [20])･ T he
s eque n c e c o ntai eds e v er al c o n s e rved amin o a cid
r esidue s a m ong C E S is o zym es and a n
e ndoplasmic r eticulu m(ER)retentio n sign alat the
c arbo xyl-terminal, but n oglyc o sylatio n m otifw as
fo u nd(Details ar egiv e nin thelege nd ofFig. 5 A.).
The s equ en c e of AB 191005/AB OIO635sho w ed
high similarityto tho s eofotherCE S2 is o zym e s,
espe cially to that of m C E S2, sugge sting that
A B191005/A B OIO635 belo ngstothe C E S2fa mily
(Fig･ 5B). T hu s, A B 1 91 005/A BOI O635isher e afte r
c alledrC E S2.
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Whe n the r eeombin a nt bacmid DN A w as
tr a n sfe ctedinto S汚 c ells
,
毛he c ells e xpr e ss edthe
r e c ombin ant pr otein a sdete r min ed by We ste m
blotting a nd cste ra s e activity staining after n o n-
de n aturing 払 G E (Fig. 6 A and B). T he
r e co mbirl a nt rCES2 e xhibited the s a m e
bio chemicalprope rties a stho s e ofpurified C E S
Rしヰinte r m s ofm ole c ular w eightofa s ubu nit,pI,
and im m u n o c r o ss re a ctlV lty. The r e c o mbin a nt
pr otein s w er e re c o v er ed fr o m the cyto s olic
Fra ctio n asin the c a s e withothe rC E Sis o zym e s
e xpr e s s ed in Sf9 c ells [5, 20】. T he hydr olas e
a ctivity le v el of re co mbin ant pr otein to w ards
P N払 w a s verylo w(1.6 foldc o mpar edto that of
m o ck/Sf9, r esults n ot sho w n) a cc ording to the
r es ults of inhibitio n a ss ays. T he rec o mbin a nt
rC E S2po s s e ssed ahighle v el ofM P H S hydr ola se
a ctivity(Fig. 6 C), a ndthe kin eticpar a m ete rs(Km
a nd Vm 血)ofthe a ctivity w e re76･6 ± 0.02けM
a nd 28･ ± 3.0 n moles/mg pr otein/min,
r espe ctiv ely, the se v alues being c o mpar able to
tho se ofpurified C ES R L 4(Km = 120. ± 2･0トIM
3 4
a ndVm a x= 4･3 土 0･4pm oles/mg pr otein/min).
Togethe r withother r esults,thesedata sho wthat
rC E S2e n c ode sC E S R u. C ES R Msho uld be
calledrCES2in a c c o rda nc ewiththe n o m e n clatur e
syste m s ugge sted by Ho s oka w a and Satoh [1],
altho ugh the syste m is curr e ntly u nder
e stablishm e nt.
Dete cdo n ofrC ES2 in 7W pla s m a
Hattorietal･ [56]repo rtedthat tre atm e ntofrats
with dex am ethaso n e c a u sedindu ction of
'
M P H S
hydr olas e a ctivity n ot only ln liver micr o s o m es
but als oin pla sm a, although the n atu re of the
indu ced pr otein w as n ot determined. In our
e xpe rim e nts, a c c o rdingly, the le v el or M PHS
hydr ola s e activityin De xPlas m a w asin c re as edto
15･5 fold(P<0.00 5)c o mpa red with thatinCo ntr ol
Plas m a(Fig. 7 A). Este ras e activitystaining afte r
Don-de n atu rlng 払 G E a nd Weste m blotti ng
sho w ed that
,
as in the c ase of micros o m es
,
the
indu c edprotein mlgratedto the sam e po sition a s
rC ES2(Fig. 7 Ba nd C). Onthe otherha nd, other
C ESm e mbe rs
,
C ES R H la nd C ES RLl, didn ot
e xistin eithe rCo ntr ol Plas m a o rDe 克Plas m a. The
a ctivityba nds(indic atedbya n asterisk in Fig･ 7 B)
obs e rv ed in plasm a s a mple s w e r e attributed to
plas m aC E Sis o zym e (hydr olas eS), Sin c eithas
been repo rted that m R N Aexpres sio n or this
plasm a C E S iso zym e w as s uppre s s ed by
de x am etha s o n e[16]. W he n a ninhibitio n as ay
u si ng a nti- C E SRu IgG w a spe rfo r m ed, the
M P H S hydr ola s e a ctivitiesin Co ntr ol Plas m and
De xPla s m a wer e str o nglyinhibited(de c r e a s eto
lo啄 orc o ntr ol lgO, P〈O.005, 弧d to 17.5 %or
co ntr ol lgG, P〈O.005, r espe ctiv ely)(Fig. 7 A)I To
ide ntify the C ESis o zym ethat e xistsin pla s m a,
im m u n opr e cipitatio n a nd amin o a cid s equ e n c e
a nalysis was pedo r med by u sl ng De 克Pla s m a a s
de s cribe abo v e. T he amin o a cids equ e n c e of a
peptide fhgm e nt origin ating fr o m
de x a m etha s o n e-indu c edpla s ma C ESis o zym e w a s
ide nti由1tothat ofrC E S2(Fig. 5).
I-Ill-IV Dis c u s sio n
Identificatio n ofthe e n zym ethat m etaboliz es a
druglSimpo rta nt to understa ndthebiological fate
ofthe drug after administr atio n, a nd indu ctio n of
e xpres sio n orthe e n ヱym eStronglyin打u e n c esthe
pha m a cokin etics a nd pha m a c odyn a mics ofthe
dmg. Fm m thes epoints of vie w, this study, in
which w e identified de x am etha s o n e-indu c ed
MP H Shydr ola se asa m e mbe r ofthe C E S2 family,
pro vides three m ajo rtopicsfo rdis c u ssio n :1)
bio chemical pr operties of rC E S2a s adr ug-
m etabolizing en zym e, 2) rC ES 2e xiste n c ein
plas m a, and 3)the m e cha nis mby whichrC E S2 is
induc ed.
M P H S is a widely u s ed drugfo rthetreatm e nt
of syste mic lupu s erytbe m atosus a nd in r e n al
tr a n spla ntatio n a nd m edic al em ergen cie s, a ndthe
hydr olysIS Of M P H S is critical fo rthis drug to
e x e rtits pba m a c ologlC alactio n s. To the best or
o ur kn owledge, rC E S2is the first e n zym e
c atalyzl ngthishydr olysisto bcide ntified･ Hattori
et al. [56]repo rtedthatM PH S hydr olas e activity
w a sindu c ed by s e v e ral giu c o c o rtic oids. Such
indu ctio n of rC ES 2m ay slgrlirica ntly affe ct
phar m a c okin etic pa ram ete rsof its s ubstr ate, s uch
as M P H So rC Fト11(CFT-llis a s ubstr ate for
rC E S2
,
u npublished obs e rv atio n, A･ Fujii, M.
Ho s oka w a
,
T. Furihata
,
a nd K. C hiba). Ther e a rc
c u re ntly n o e xperim e ntal data that s uppo rt this
ide a
,
butitisimporta nt totest theid飽 Sin c eithas
been repo rtedthatMPHSpulsetr e atm e ntr e s ulted
in ade cre a s ein the ar e a under the c u r v e a nd a
in cr e a s ein cle ar a nce of cyclo spo n n thr ough
indu ctio n of hepatic cyto chro m e P450(GYP)3 A
a ctivityinthe r at【73】.
A c o mpa ris o n ofthe biochemicalpr opertie s of
rC E S2a ndtho s e ofratCES lis o 7.ym e S Sho w sthat
they ar e strikingly differe nt. Rega rding the
pr efe r e ndals ubstrate s, CES R Hland CESR Lldo
n ot s e e mto be in v olv ed in the hydr olysis of
M P H S in the r atliv er. On the o也e rha nd, the
c o ntributio n orrC ES 2to PNFA hydr olysisis v ery
lo w･ In addito n,te m o c april is a s ubstr atefo rC ES
R H I
L
but n otfo r rC E S 2(u npublished obser v atio n,
T. Furihata, M . Ho s oka w a,A . Fujii, a nd K･ C hiba).
T his diffe r e n c eis pr obably du eto the diffe r e nt
stru ctu r e ofrC E S2 fTr o mtho s e ofC E S lis o 21ym e S,
as the r e s ults of c o mparis o n of their dedu c ed
amin o a cid s equ e n c e s, im m u n o- c r o s s 陀 a Ctivity,
a nd e steras e a ctivitystaining afte r n o n-de n aturing
払 G E indic ate. The res ults obtain ed inthis study,
toge也e r with the findings dis c u ss ed belo w,
pr o vide impo rta nt info rm atio n fo r study of
phaJ n a C Okin etic s of e ster-(pr o)drugs that c a nbe
s ubstr atesfo r rC ES 2
,
in cluding M P H S, a s w ellas
fo r studyofpr od rugde sign･
The nextis s uetodis c u s si ho wrC ES 2existsirl
pla s m a. Ne edles s to s ay fわr the c ase or
de x a metba s o n etr eatm e nt, the r e s ults or both
este ra s e a ctiv ity Staini ng after n o n-de n atu n ng
PA G Ea nd inhibitio n as s ays indic ate that the
a ctive fo r m of rC E S2 is presentin plas m aeven
u nder n o m al c o nditio n s
,
altho ugh rC E S2pr otein
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w a sha rdlydete cted by We stern b旦o軌 ng pr obably
due to the v e ry sm all a mou nt orrCES之. What
m ake s rCES2existinpla s m a?As sho w nin .Fig･ 5,
the dedu c ed a min o a cids equ e n c e ofrCES 之ha s a
HXEL m otif inthe C-te r minalr egi o n, Whichis a
varia nt ofthe c o n s e n s us e karyotic E Rretenti()a
sign a旦 of KD E L【7 4】. Therefbre, rCES 2isfirstly
tho ughtto e xistinthelu m e n orthe ER a s othe r
C ESs do. To肘he rwiththei
.
a ct that thele v els of
plas m aG m a nd O PT a ctivitie s w e r ein cr e as edby
dexa m etha s one tre atm e nt, o n e possibile
e xpla n atio n orho w rC ES 2c a n e xistinp王asm a 由
that hepato cyte n ecr o sis, e x a c erbated by
de x a m etha s o n e, tltim ately re s ultsin theleakage
ofrCES 2pr otein. Ho w e v e r, thisis u nlikelysin c e
othe rCES is orz.ym e sdidn otle akinto De xplas m a
e v e niF they w e r e stiu pre s e nt in the
de x a m etha s o n e-tr e ated liv e r a nd the degre e of
hepatoto xityc a u s edbyde x a m etha s o n ein e a ch r at
w as n ot c o r 陀Iated with the le v el of the
c o rr espo nding plas m a rC E S2a ctivlty･ An other
po s sibile e xpla n atio n ofthe existe n c e ofrC ES 2 in
plas m ais its a ctiv e r el a s efr o mhepato cyte s･
Altho ughw edidn otpe rfo r m a ny e xpe n m e nts to
dete r min ethis po s sibility,ithasbe e n sho w nthat
the r ele as e ofrC E S2intoplas m a w a s signifc a ntly
inhibited by m o n e n si , which c o uld inhibit the
r ele as e of s e c retory pr otein sby dis rupti ng the
Golgiappamtu s【56,75]. Ⅰfthishypothe sisistr u e,
atleastin part, the a ctiv e r el a s e orrC E S2w o uld
be of bio che micalinte r e st as w ellas clinical
intere st. Sinc ethe po ssibility orpa ssiv e r el a s e or
rC E S2r es ultingfr o mhepatocyte n e c r o sis c a n n ot
be r uled o ut, fu rther studies are n e eded to
determin eho w rC ES 2c a n e xistinplasm a･
Fin ally, w efo c u s o nthe qu e stio n ofho w rC ES
e xpr e ssio nisindu c ed by de x a m etba s o ne･ Given
the Fa ct that the a m o u nt orrC ES2mR N Ainthe
live r w as ap pa r e ntly in c r e a s ed when
dex am etbas o ne w as administer ed, ther earelikely
tobetw o m e cha nis m sfo r rC ES2 inductio n_ Oneis
erlha n c ed intr a ceuular stability ofrC ES2mR N A
sl n C e it has be en de m o n str ated that
de x a m etha s o n e c an sぬbilirL e mRN Aorthe sever al
ge n e sr76, 77】, a nd the otheris the: e nha n c ed
tran s c叩 如n of the rC ES2ge n etrigge red by
spe eifie tr a n s criptio nfもc綻ばS･ Fo rthelatte r c a s e,
thein v olv e m e nt ofglu c o c o rtic oid re c epto r(G R)
in rCES之indu ctio n w a slikeiyto o c c u r. We c a n
n ot deter min e which is the m ajo r m e cha nis m
a c e o u nti甚 for fC E S2 indu ctio n at pre s ent.
Ho w e v e r
,
馳 V 弧l 蛇Pe rl m e ntS tQ e x a min ethis ar e
irkPr ogr es sin o u rlabo r ato ry, a nd w e 孤Pe Ct that
r es ults oftho s eexper me軸 w主I shed 軸hもo nthe
qtle朗ion.
In c o n cltiSio n, w eid組tif
.
led a de x a m etha s o n か
indu c ed CESis o T.ym ethat ca nhydr o呈yz eMPHS
in the r atliv er a nd pla s m a 舶 a m e mbe r ofthe
C E S2Fa mily, rCES 之. Th¢ di 触r 紺tbi( 氾hc mic al
pr ope rtie s of rC ES之[r o m tho s e oF krl 珊 nrat
CESl is o zym es,in cludirlgits u mqu e e xiste n c ein
pla s m a, will be u s eful infbr m atio nfbr studi郎
aim ed at elu cidatio n of fu n ctio n s ofCESsindr u募
m etabolis m. In additio n, w e als oidc nti鮎d the
ge n e e n c oding rC ES 2 by CDNA cloniⅠ鳩 a nd
fu n ctio n al e xpre s sio n in Sf9 c els. Sin c 位 W e
de m o n str ated thatthe le v el of the
mf W Ae xpr e ssio n w as m a rkedly
ide ntific atio n orthe c o°ing ge n e
studies aim ed at elu cidatio n of
c o rr espo nding
in c rea s ed
,
the
is v alu able fo r
the m ole c ula r
m e cba nis m sby which dex a m etha s o ne indu ces
rC ES 2e xpr e ssio n･
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ⅠトトⅠIntr odu ction
Weha v e repo rtedthata nin血cible a cylc amitine
hydrola s ein m o u s eliv e r mic ro s o m e s, ter m ed
m o us e e arboxylester a s e2(mCES?～),belo ngsto
the CES 2fa milyinthepre vio u s s e ctio n(トⅠI)[20】･
mCES 之sho wcda $lgnitlc a ntc o ntribtltio nto
a cylc ar nitin ehydrolysISin DEHP
-tre ated m o u s e
●
liv e r mic r o s o m e s a nd istherefo r ethought toplay
s om eimpo rta ntr olesinlipidm etabolis minthe
E R･王thasbee n r epo rtedthat, as obs e rv edin
mito cho ndria o rpe r o xis o m e s,the
c amitin c/a cylc a r nitn e syste m cxis臨in mic r o s o m e s
tosupplytheintralu min alspa c ewitha cyトCoA,
which is widelyu s edinthefo r mation ofv ario u s
fattya cideste 温 A bo- Hashe m aetal･[64]
presentede videriC e Or micr o s o maltria cylglyc e rol
(T A G)synthe sis via alipolysis- esterificatio n
pathw ay,the critic alpointin v e rylo w
-de n sity
lipopr otein as sembly[78],in v olvingc ar nitin e
acyltra n sfe r a s e s(CÅTs)･In their w o rks,
micr o s o mal TÅGsynthe sis w asfo u ndtobe
depende nto nthepre s e n c e of bothe xtr alu minal
ca mitin eandintralu min al CoAS H, and
glybe n c r a mide, a ninhibito r oflive r micr o s o mal
C A T[7 9L w asfo u ndtogr e atlyr edu c ethe a m o u nt
orlu min alsynthe sis orT A O･ Res ults oradditio n al
w o rks s uppo rtingthe re s ults oftheir studyha v e
re c e ntlybe e n r epo rted byWashingto netal･ 【80】･
sin c e r nC E S2c a nhydrolyz e v ario u s acylc a mitin e
a nd a cyl- CoA, the expre ssio nlevelof mCES2
mightsignific a ntlyaffe ctther ate of T AG
synthesisinthe ERt?y m odulatingthe a m ou ntof
a cyトCoA gener ated fr o m a cylca mitin eby
intralumin alCÅr. The refわr e, dete min atio northe
r n e cha nis m sby which mC ES2gene expr e ssio nis
regulated w o uld be a nimpo rtantstepto w ard
elu cidatio n or ho w mC ES 2 isin v olved in T A G
synthe sis a s w ellas otherfattya cidester
m etabolis m s withinthe E R.
Experim e ntaldatato elu cidate m ole c ula r
m e cha nis m sco ntr o壬Iing CESge n e e xpre s sio n ar e
limited. The m o use C ES l is o 之ym e Sho w ed a
de v elopm e ntale xpr e sio npatte r nintheliv er, a nd
ithasbe e n s uggestedthatspe cirlCitypr otein(Sp)
1a nd Sp3inte f a Cting withthe m o u s eC ESI
pr o m ote r r egio n c ould bein v olv edinthe
o ntoge nicpr ofile ofthe m o u s eCESlge n e
e xpr es sio n[49]･ Otherin v esdgato rs sho w edthat
ster olr egulato ry elem ent-binding protein
(S R E B P)2aJld Splc o uld bindtothepr o m oter
r egl O n S Ofthe ratC E Slis o zyme a nd hu m anCE Sl
is o zyme, r espe ctively[81,82】･ W ithregardtothe
C E S2 family,ithas r e c e ntlybe e n reportedthata n
appr o xim ately1･6
-kbpfr agm e ntofthe5
'
-na nking
regi o n Ofthehu m anC ES 2ge ne w asis olated and
foundto c o ntainthr e efu n ctio nalpro moters[83]･
Ho w e ver,tra n s cript1 0 nal facto r sinte r actl ngwith
the pro m ote rsha v e n otbe e nidentified･ No other
info rm atio n abo ut the m e cha nis m s regulatingthe
c E S2gen etr a n s criptio nis c u rr e ntlya vai1able･
T he aim of th is study w a sto dete rmin ethe
m ole cular m e chamis m sc o ntroling mC ES2ge ne
expressio n･ First w e obtained thetiss u e e xpres sio n
pr ofile s of m C E S2m R N Aa ndpr otein･ Giv e nthe
fact that mC ES 2 is ubiquitou sly e甲r e SS ed, w e
cha r a cteriz ed the pr o moter r egi o n Ofthe mC ES2
ge n eand a nalyz edthe mechanis m s regulatingthe
basal pr o m ote r a ctivlty･ The r e s ults sho w edthat
thr e e tr ans c nptl O nal fa ctors syn e rgistically
c o ntributeto the pr o m ote ra ctivity Ofthe mC ES2
ge ne･ T his study pr o vide s u s eful info r m atio nfo r
fu rthe r studie s aim ed at elu cidatio n of the
m olec ular me chanis ms c o ntrolling mCES2gen e
expressio n･
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ⅠトトⅠIMa etriala nd Methods
Prepa ratio n of m ou setissu eho m oge n ateT aTul este rase
a ctivitystaining aPer ”on-de naiu ring polyarryla mide gel
elech10Phw esis(f弘G E).
托 ocedw esfor preparation of 也sstKhom ogcn ate w ere
descritx:d in the s ectio 且Ⅰ心Ⅲ. T he ho m ogenate ofSf9 cells
expressing pCES 2w as us edas apositiv e co ntrol[20]･
Total R N ApT甲 aratio n a nd rev e rseLr a nsc riplio朴
polymerase chain Te a Clio n(R T-P C R)A
n℃¢ed氾reSfo rtotal RNA e xtra ctio n a nd R r-P C Rw ere
des cribed inthe sectio nI-I-I. As etofp丘m ers( en se, 5
'
-
T rC A A G G År G T C A G A CC C-3
'
;and 弧也-s e n s e,5
'
-
A A C A C År r T m G A TAC A G G G T Å-3
'
)w as u sed for
m (94oC fbr15s, 55
o
C fc w20s,68
oC fo r40s and 35
cycles)to detect m C ES2gene expressio n･ P C Rc o nditio ns
aLreSho wnin theparenthes es･ Aplasmi dv ecto r c ontaining
mC E S2 CD N A【20]w astw edas ate nIPlatefo r aposidv e
control･ The P C Rprodu ctw asptd ied by a W12:ard S V Gel
andP C R Clean-upSyste m(放o m ega, M adis o n, Ⅵ , U ･S･A･)
andw as c o血 m edtobe afragm entofm C ES2CD N A by
D N As equ cnclng･ The D N As equ en ce w asdetermin edusing
aDyeTerh ato rCycleSeqth=n Cing-Qpick StartKit
伊eckm anCodter. F dlerto n, C A, U .S.A .) 弧d a C EQ2000
D N A AnalysisSyste m(Beckm a nCodter). T he restdts w ere
c o 血 ed bys equ en c mg atle asttwic ein e ach dire cdon･
M ous e upstre am stim dz(toryfactor(U S F)1CD N Aw as
obtained from thehv er CD N A byP C Ru singthefollo wing
prl m erS: SeIISe,5
'
- C G C C r C G G ÅrG A G C C C C-3
'
;andami-
s e ns e,5
'
-AT G G G GTTA G C C rG T T G C T C-3
'
. T heisolated
CD N Aw asin se rted intothePC R- BluntII T O p Ov e ctor
(血vitrogen)a ndthe ntlCIcotide s equenc e w asdet 血 ed as
des critxdabo v e.
Isolatio n ofthe5
'
-Bankingregio n ofthe mC ES2ge n e･
M ou segen omicD N Aw as e xtra cted fro mtheliv er ofa5-
w e e虹old C5 7 B L/6m ale m ous e(JapanS L C)byD N A乙01
Reagent(b vitrogen). 1 もe5
'
- n ankingregio n ofthe mCES 2
ge new asisolated byPCR with the sen seprl m er5
'
-
c ccÅrr G T G T G T C C A G TA T C A C-3
'
(-1385)丘mdthe anti-
s e n s epn mer5
'
-G C T C r C A G T C C TA A G T Cr O T G C-3
'
(＋60)usinsthegeno mic D N Aas at
'
e mplat6/rhc r¢lative5し
positio ns ofpdm 8rS W姐 respc ct to ぬetrans criptio n s†arf
sitedetermin ed inthis studyaresho w ninparc nthes ¢s･ The
pn mers w eredesign ed o nthebasis ofres ults ofthe Mo 場 e
Gen o m erloje ct(bttp://w w w･s a nger･a c･ 嘘)I T he a mplic o n
was s ubclo ned into ぬePC R-Bl机tⅠ王T OⅠ℃vector, a ndthe
肌 Cle otide s equ ence w as dcte min cdasdescribedabov e･
Deter min atio n oftheira nSC riptz
'
o y ”ta rtsite oJfhe 駅C ES2
gen e･
The m ethodof R N A ligas c-rncdiatcdandolig00 applng
rapida mplific ati孤 Of5
-
CD N Ae nds(瓢 湖 5
7
-R ACE;)w as
usedto determin ethetran s criptio n startsite ofthe m C ES2
ge ne(GeneRacerkit,in vitr oge n)I T bs m ethodcns肝 eSぬc
c apture ofonlyftd トIe ngth 5
1
e nds ofspe cirlCtranscripts via
elimin adQ n Of 触 ated m ess agesfro mthe a mp丘fica血 n
pro ccss･ Total R N A fro m m - scliv er wastrc atcd widl Calf
intestinalphosphatas e andtoba cco acidpyropho sphatas e
acc ordingtothedirccdo n s ofthe m an ufactu rer･ After
s electiv ehgatio n ofanR N Aoligo n u cleoddetothe5
'
- ends
ofdecapped m R N A, rm t
-str andCD N Aw as synthesiヱed･
Usingthe s1甲Pliedsen s epn m er andth¢ m C ES2genc
-
spe cificpn m erdesigned,5
'
-
A G C A GC A G C C C G A A G A A C C C-3
'(＋12 1),to uchdown
P C RampWIC a也o n w asperfo rm ed(94
oC fq 2 min follo w ed
by5 cycles of 9 4
oC fQr30s,66
oC for9 0s･5 cycles of 94
o
c for3 0s, 64
oC for90s, a nd 25cycles of 94
o
C for30s,
63oC for30s and 68
oC for90s)by usinghigh-fidelity
D N Apolymeras e(R O Dplus, T O Y O B O, Tokyo, Japan)I T he
prodtlCtW as S ubclo n ed intothePC R
-BlmtII T O p Ov ector
andsequ en c ed asdescrit*dabo v e･
Plas midc o n stru ctio n.
T he mCE S2ge n epro moter regio n W as re m o v ed i bm the
clo ningv e ctor and in serted intothepG L 31Basic v ector
(放o m ega)byXhola nd Kpnl digesdo n･ Theplasmi d is
referredto asfト 138 5/＋60･ Se v endeletio n co n structs w ere
generated byn ested PCR oftheprl m ary Clo n e u singthe
followlngSensePn m erS :5
'
-
3 9
TG T G A C(:T C GCju
l
AAC
'
王
'
jL
r
fCjulL3'(p-966/＋60), 5
'
･
CA A ÅG C A (:A G G A G T C r r G A A 岱C-3
'
(p-363/＋60),5
'
-
AG ÅG A G ÅA C A G A ÅG C A G C A G A G･ -3
'
(p-163/＋60),5
'
-
G C C A
r
ⅠT G G(=rC C rA T C A m
l
-3
'
(p-120＋60),5
'
-
T r C A C C C G T C ACÅC A ATG 3
'
(p-69/＋60), a nd S-
TTA A A
p
r G C TGC Cr G T GIC-3
I
(p-29/＋60). Tb¢ antis cnsc
pnm cr tlSed w asthe sa m e as他見tused inthegen o m c cloming･
Allco n stn lCtS ar e XLa m ¢dandar e sho wninparentheses, The
o ぬi桝d5
' delcti偲 fragm 飽モs w ere馳 nsfcrred intopGL3-
Basic v e etor芳郎 dcs cd b昏dabo v e.
TointrdLm m uta血nsinto ぬcreporterplas mids,
C o mplim entary pn m 母rSharboring afe w mutado ns were
desig批 d for 鵬 Chtarsets細 魚S'Follo w s:5
'
-
G T C A C A C A År(㍊ニヨ諾C C A C C 払 C ÅC C C T J
'
and 5
'
-
ÅG G O 仔王で汀ÅG ぽr G GA 盛盈C Årr CyT G T G A C-3
'
ror也e
GCbox. 5
'
･T C C T 〟T態A CTl
l
AG T G A C rA 爪 C r G T rC C-
3
'
and 5
'
- G岱AAC A G
F
rA A
p
‡
ぜ
王
'
A Gr王
､
c A C忘AG
'
reA
y
rA(就主Å-
3
' fo rthe E bo茶事a nd 5
書
-
G C A G C A G AG G m C ⅠT r C C C C r:A C C T C C 3
'
and 5' -
G G A G G
r
rA G G GG AÅÅ岱岱A G C C r C r G C r G C-3
'forth¢
N F7CB clem cnI.In v er鮮 f℃R 弧 PWIC細 o n w aspedor m ed
by 耶1ngRO DP LUS andusing p-1 6 /＋60as ate mplate･
P C Rproducts weretr飽ted wih Dpnito digest the residt血
te 叩Iateplas midand w ere appliedtothetran sfor m a血 n･
T h¢ m uta也on sintrodu ced w ere co nrlr m ed byD N A
s eqw ncm gasdcscrit*d abo v e･ Allm tlta血 nalc onstrtlCtSare
n a m ed asfollo w s:pGCm王for血e G C bo x m utant･p a tfor
the E bo x mutant,pN Fmtfcqthe N rk Bele m e nt m tl‡aJIt,
pG C Emtfw theG C bo x axLd Ebox mutant,pG C N 紬1tfo r
the G C bo x a nd N FKB eleme nt mlltaJlt, PE N RIltfortheE
bo x and N FKB ele m ent m utaJlt, a ndpAllmtfortheG C box,
E bo x a 且d N ‡屯Bele m ent m uta nt.
An Spl m 紅 山nalian expr essio nv e ctor,p W Spl,a nd
Dno sophtlaSp3expressio n ve cto r, p払 cUSp3, w er e
gen ero1鳩giftsfro mDr. RobertTjian(U 血v ersityof
Califo mia, Berkeley, Berkeley, U .S･A ･)andDr･ Gt ntra m
S1巡ke(P 姐ipps- Uhiv ersita(Mafbtqg, Marburg, Ger m a ny),
r espe ctiv ely･ To c ons
･tnlCtanSp1 Drosophz
'
la expression
v ector, 血e codingregiohof Spl[84,85]w as amplified by
l m andsubclon ed intothePC R-Blu ntII T OI℃ve ctor.
T he se ns epn mer w as5
'
- C A C C ÅT GG A T C C C rC G A-3
'
,
a nd the anti-s e n s epn m er w as5
'
-
T G C C r G ATC rCAG AAG C C3
'
. The nthe codingregio n Of
Spa w asin serted intopAc5.1/V 5- 班s(hvitrogen)(pAcSpl)･
Like wis e
,
m U SFl d )N Aw as stlbc o n ed intopAc5.1/V 5- 柑 s
(pAcUSFl)byEcoRIdiges由n co upled with alkalin e
pho sphatasetreatm entto enableit to be expressed in
DT10 S OPhila c ells. D N Ascque nclngaSdescribedabo v e
c o nfir m edthe orientatio ns andthenucle otide sequ ences of
these c on stru cts.
Cellcal触res
Hepal･6cels azldCO STc ells w er e Obtain ed fro m拙ken
Cell Ba nk(rsl虎l血 ,Japan). Both celllines w ere m aintain ed
at3 7oC with 5%COBin D d be cc o-s m odified Ea紳-s
mediⅦ‡1(D- M E M) Gn vitrogen)stlPPle m entcd with 10 %
(v/v)heat-in activ atcdfetal bo vin e s eru m and 501mits/mL
pcniciilin and with 50JLg/mLstrepto mycin･ DrosophitaS L 2
eclls,pl汀Chas蟹dfm mAm edcan
y
柑pe C 由Iu rcCollec血 n
(Rockvine, MD, U.S.A.), w e r egro w n at 24
oC witho qlC OB
in Dro sophilaSchneider
'
s m ediⅦ n(bvitrogc n)
supplem entedwith lO % fetal bo vin e scrt m and 501mits/m L
pemicil 血andwith 50JLg/mLstrepto mycln･
TraTZSl
-
en 如 nsfecft
'
o n s a nd duallu c酔ra se a ssays
Hepl-6 cells w ereplatedalade 血tyof O･8xlO
5
cells/w ellin a24- w ell dish o nedaybeforetra nsfe c也o n.
Whe nthe cellshadreached 60to 80perc entofco nfhlCrLC C,
they w eretra nsie江Aytran sfe cted with200ngQfthe reporter
plasmi ds azLd 4ngofphR L
-T Kve ctor m o mega)u sing
LipQfectamin eOn vitrogen)and PLU S Re age ntOn vitrogcn)
ac cordingto m an tdacttuer
'
sproto c ol･ At3 hr after
tran sfecdo n,the m ediⅦ n wasre m o v cd and the c ells w ere
cultured for afb ther24 hrin coxnpletc s upPe m ental D-
M玉M . T henthe c ells werew ashcd withpho sphate-buffered
saline(PB S) 弧d w ereharvested. m e cells w erelysed with
passiv elysisbuqer(托JB) (托om ega), a nd 王m nin esce n ce
fm mtransfe ctedcelllys atesw asdetermin edu singa Dtd
-
Lu ciferas eReporterAss aySyste m(Prom ega) 弧 daT D-
20/20 h mino eter肝ro m ega)ac cordingto maAufacttF er
'
s
dire cdo ns. Resdts w ere express ed asrelative 血 o(fireny
lu ciferas e activity/re nillalu ciferase activity)･ Experim ents
w ereperfor m ed intriplicate, a nd ea chvalu epresentedis the
m ea n(± S .D)fro mthre eindependentassays･
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co s7cells w ereplatedatade nsityof I 3xlO
6 cells/dish
in a1 00- m mdish o nedaybeforeb
･
a n sfe c也o n･ W henthe
cellshadreached 6 0to 80perce ntofc o nflu en c e,they w ere
tran sien仕ytran sfected with 5JIGOfpC M V SpltlSingthe
sa m e re ag r(ts asthose us ed forHepaト6c ells･ The m ediⅦ n
w as re m o ved 3 hr aftertran sfec丘o n a nd die Cells w ere
cdhred for afhrther72 hrin cornplcte supple m ental D-
M E M. T he cells w ereharv esteda ndthe n tlCear e xtracts
wereprepared asdescri 転d belo w･
s L2 cells w ereplatedatade nsity of 5Ⅹ10
5
c ells/w ellin a
24- wellplate. At1 8 Aafterpla血g,the cells w eretran sfe cted
wi dl150ngofthereporterplasmida ndv adotlS a m o u nts Of
a mixture ofexpressio nplasmi d(pAcSpl,p馳 cUSp3, a nd/or
pAcUSFI)Ⅶ 血gCellfec血 re agentOnvitrogen)a cc ordingto
thepro videdprotoc ol/rhetotalam otntof D N Aofthe
mixture w as adju stedto 300ngbyaddingan empty
pAc5.i/V 5- 托 s ve ctor. Co mpletegro wth m edit 皿 W aS added
to each well 5 hr aftertransfec也o n. The cells w erehar vested
48 hr after addi丘on ofthe m edil m . A fterbeing washed with
PB S
,
the c els w erelys ed with P Wandsinglelu cifbrase
activity wasdete minedusingdieS ame Syste m aSthat
des critxdabo v e
.
T bchlCiferas e activity w asnor malized by
totalprotdn c onc entrationdetermined byu s mg aBio
-Rad
Dc 托 otein Ass ayEit. Experim ents w ereperfor m ed in
d甲1ic ate, andeachv aluepresentedis the m ean(士S.D)fr o m
tbe¢independentasays.
Sttldent'si-testw aspedo m cdtodeternh c slgniflC an Ce
of difrere n ccbetw ee nthegro ups ln m tlta血 m analysis.
Simi lary, A NOV Aw as perfo rmedtodete 血 esignific an ce
ofsyn erglS mbetw eenthegrotq)s m co
-tr a n sfe ctio n assays. P
valu esle ss血an0.05weretakentobesignificant.
Nu cle ar extr ulioT7, elech10Phw etic m obilityShipa nd
s upershiPass aysA
Nndearextracts w ereprepar ed fro mthe culttw edcellsby
u sing aCcIIJydc Nth3learExtr actio nKit(Sigm a- Aldrich Co. ,
St･ Lo血s, MO . , U ･S.A .)atcordingto m an ufacttF er
'
s
directio n s. Hepal-6cells orC O S7cells w ere w ashedtwic e
with ic e-c oldP B Sandc ollected. After e xtracting n u cle ar
co ntents,theprotein co nc組trations w cr8dctc min ¢d 孔S
des cribed inthepre vio u s s ectio n/lhe m 蛤Iearextra鵬 w crc
sto redaト80
o
Ct mdltlSe.
n℃be dotlble-stran血d (ds) D N A w as 酢‡把rated
an n e aling the c ornple mentary oligon tlCeoddcs lis絶d
by
in
Table sI. Co n se ns us and m uta‡ea co nsen sus
oligomlCleotidcsfo rthe Spfamily. U S Fs, C C ÅÅr/enhan ccr
binding protcin s (C/E B P) and n tlCearfacto r kappa B
PFt(B) w 耶 designed by the direc嘘蛾 S Of S故 地 Cru芝
Biotechn ology(Santa Cr 脱, C A･ , U ･S･A ･)t d 成)N Aw as end･
labeled with[y-
32pld A T P(A m ersha m Bios cien c e)u威ngT4-
polym lCle otide kin ase(FYo m ¢ga)･ 鮎 ch binding r 飽 Ction
mixture co ntain ed 10m M T 由- H al(pH 7.S). 50 m M NaCl,
1 m M MgCl2, 0.5 rnM E D TA, ()･5 m M di 鵬oぬ柁itol, 4 %
glyc erol, 0.5JIG Poly(dl-d C)/poly(dl-d C). and ト之FLg each of
the n 批Iear extra cts.
r
a e r e a ctio n. 血 xttlrCS were PrC-
in c ubatedo nic efor10min pdorto ぬc ad 舶o n ofa[y}
2p]-
1abeled pr otR Sa mples w erek pt fo r a 触 ぬcr20min at
r 00 mte mperatt m with the probe, 弧d the m奴tur 郎 W ere
ele ctropho 托S Cd wi血 6 %polyacrylami dc gel in O 血 45m M
Tris_boratebufrcr with l 血M m Åat4 oC. Gels w eredried
and antoradiogmphed by B A SS 2 ㈱ ⅠⅠ(Fuji Film , Tokyo.
Jap an).
Co mpdtio n ex野 n m eZ[tS W ere Carriedo utasdescri 奴d
above except thatcoldco mrH5tidv edぷD N ACrable $1)w as
addedto thcbinding re ac也o nmixtu rc at 5 0-foldex c 郎S Of
theprot* a m o tmbefore addi也o n of thepro加･ For
stIperShiftass ays, 2y gofan也bodies againstSpl(s c-59x.
SantaCru xBiotc ch), SP3(s c-64 4x, Santa Cru xBiotech),
U S Fl(s c-2 29Ⅹ,S弧ta Cm zBiote ch),N FKB p65(sc-109x,
SantaCru xBiotech)orA pt(s c45x,Santa Cn 比Biote ch)
w asaddedtothebindingre action mixttm atr oo m
temperattwefor3 0 min pn orto addi也o n ofthepro奴 ･
A nresdts ar erepresentativ e oftw o o rthreeinde野良血nt
e xperi m ents･
Chemicals llSed inthis study w ereofreagentgrade and
obtain ed fro m c o ⅡⅡn ercials o urces.
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ⅠトトⅠⅠ‡R ES ULTS
Tis slie e xpr e ssio npr oPles ofmCES2mRNA a nd
prolei机
Atthe sta rtofthis study, w e obtain edtis s tle
e xpre s sio npr os?lies ofmCES2mR NA andpr otein
by perね m l ngRr-mニRa ndeste ra s e a ctivity
staim ngaf紐r n o n-de n atu血gFAG昆 respe ctiv elyl
The r e s ults or PCR usi ng m o us eGAP D Hgen e-
spe ci 鮎pn m eTS Sho w edthat m o us etissu e cDNAs
w e r eFre e ofc o nta min atio nwithge r1 0 mic D N A
(FIE. i A)a nd w 耶 Syrlthcsi芝edin equ a王a m o u nts
(FIE.1D). P CRtlSingmCE
i
S2ge n かSPeCific
pn m e rs re v e aledlimited e xpr 鰯io n ofm CES 2
mRNAintheliv e r,kidn eya nds m al inte stin e(Fig.
1B). Whe nte mplate eD NAs w er ein c r e as edto12-
t
.
olde x c e ss a mou nts oftho s e u s edinthe
e xpe n m e ntfo r whichthe res ults ar e sho w nin
Figu rel軌 r nC ES 之mR NÅ e xpre s sio n w as als o
dete cted inthethym u s, adipo s etis s u e, brain,lu ng
a ndte sds(Fig.1(コ), T here w a s n oba nd observ ed
inthehe art_ Nu cle otide s equ e n c e s ofallof the
P CRpr odu cts sho w ed l 00% ho m ologywiththat
ofmCES之cD N Å. Co n siste nt Withthe r e s ults of
だトR:R
,
a str o ng a ctivityba nd w asdete cted in
theliv er
,
kidn ey ands malintestine a nd a w e ak
a ctivityba nd w a sdetected inthethym u sby
e ste r a s e a ctivitysta ln l ngafter n o n
-de n aturl ng
払 G E(Fig. 1 E).T heba nddete ctedo nthela n eof
the s m allinte stin e w a s ado ublet wi thslightly
differ entmigra也o n･
Isolation ofthe mC ES2 5
'
-Pa t2kingregio 72･
To u nde r sta ndthe me cha nis mby which mC E S2
ge n etr a ns c nptl O nis regulated, the5
'
-n anking
r egio n Ofthe mC E.S2gene w asis olatedfr o mthe
C 57 BU6 m o u s ege n o mic D NA byP C R
amplific atio n･ T he obtain ed nu cle otide sequ e n c eis
show ninFig･ 2A,togethe r withthe s equ e nc e
ar oundthetra n slatio n sta rtsite obtain ed fr o mthe
r es ults orR L M- R A CEa nd CD N Aclo ni ngOr
風 歯
a .鶴
a
預 - 軸静 助･飽
D 歯 静 歯 畿 歯 車 勝 報 鱒
監 鞄
聯
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一一'野
*
喝 町
側静
･ノあ噂 .
磯 琳■r
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*
P C a T h LuH Li 紘 S盲 A d TeN C M
F*t)r el･ T bstle eXPI 憾 如 叩 r O且k息Or m C 丑S2 m R N A
柵 dprQt 血 rhn由 A ～ B 血o wthe r 8StLIts or R T
-P C R･
andpa n el EBho w &the rB血ts ofc細 m 駄 aCtivitystainins
血 r n o n･de n触 ri喝 P AGE･ P C. po slt y ¢ C O ntml;B･brain;
T hI血ym tl芳;Lu,lm s;”,hc& rt;Li-liv er;a,kidn ey;Si,
s ma且intestin c;A d,adipo setis tle;Te.t増 血;N C.t10 n
-
te mplatc co ntJbl; ”, D N A 盛z e m arke r･ ⅠnpaJleI A･ m ob)sc
G A P D H甚孤 e
-SP8 CirlCPr) mer S We t - 洗dand m o 岬ti別 e
R N Aw a su 馳d &Satemplate･ Mo u seliv er ciD N Aprepared
in otu. pI丑Vio t[$ 8ttldy【3]w as q scda s &po Si6y ec ontroI･ h
panclsa and C. m C E S2 m R N Aexpr¢8如tI W A 各detectcd･
Mo u5 eds n le CD N Aw a s tlSeda s ate mplate･ mC ES之cD N A
inthePF AST BA C Iv ecto rt3]w 乱 … Sed as Apo sitiv e
contr ol･ h p n cI C.te mplatetissue cD NÅ w asin cre &scdto
a12 イolde x cc 郎 a m O u ntOfthattl艶d inpaJl eB･InpaJleD,
m o 順 G A PD HmR N Aexprc ssioz) w asdetected･ MotIS e
tis8tlC CD NA w as u 駆da 紬 ternPlat6･ h pa nclち mC E S之
protein a c如ity w asdetected･ VA rio u s 孔rrD tlntS Ofm o t
lSe
tisBtlCho m o農en at eS were tlS edto adjtlStbarLd inte n由ty:20
JJgOr brah,15J噂 Orthym u s,7y sofltlAg.10y sor heaA･
ljigOrliy er.5pFg Or kidm ey.5J唱 Ofs7nalintestin e,之3F g
ofadipo s etisstle. a･nd1 0fJB Oftc sti温holr mge71&te &
m c ES 2[ 0]. W he nthe nu cle otide s equ e n c e of the
clo n e w asco mparedtothe r e s ults ofthegenom e
pr oje ct, athymine m lCe otidedeletio n w asfo u nd
inthe clo n e atpo sitio n-978withre spect to the
tra JIS Criptio n sta rtsite(＋1), whichw a sdeter mined
inthis study. Regio n sho m ologo u stokno wn cis
ele m e nts w e r eide ntified u $1 ngS e ar ching program s
fo rtr an s criptio nfa cto rbindingsites
(http://w ww･gene-r egulatio n･ c o m/a nd
http://w w w.drkazu･c o m/KEN K YU U･htm/)･T he
r es ults sho w edthat ther e w ere a G Cbo x, anE bo x
and a nN FKB ele m e ntinpr e c ede n ce to a
tr a n slatio n sta rtcodo nin addito nto other
ele m e nts s c atte redthr o ugho ut the sequ e n ce, s u ch
a sbindingsite sfo rhepato cyte n u cle arfa ctorsor
c/E B Ps. A TA T A box, ho wev er, w a s n otfo u nd.
Dete rTT2in atio n ofthetra n s criptio n sta rtsite ofthe
m C ES2gen e･
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T heR L M 5' - R A C Em ethod w as u s edto
deter min ethetr ans cription startsite ofthe
m C ES2ge n e. D NA s equ encing analysis ofa
P C Rpr odu ctsho wed thatitc ontain ed a
partialn u cleotide sequen c e ofthe mCES 2
ge n eligatingtothe adopter seque n c e. T he
partials equ e n c e sta rted at65 bpupstr e a m
fro mthetr a n slatio n c
startc odo n(Fig. 2B).
T hedata sho w edthat
this relativepo sitio n
w asthetr an scnpt1 0 n
startsite ofthe
mC E S2ge n e, a ndthis
positio nisher e afte r
referredto a s ＋1
(indic ated bythe
a m win Rg. 2 A).
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印酢 re3. Mtlta 伽 n 乱haly軸 心rthe5'･n& nk blg 噛 o n orthe mC E S2geTBe･ LnciferaB egeneS 陀gqhted bythe mC B S2pmmoter
c o n stm c tsharbori喝 Various m utations(2 柵ng)w eretra n sierltytraJISfectedinto Hepaト6ce11s･ A G C box, a nE box, andan
N Fk B阜Ie m cntaretx)Ⅹed, a ndrn tlationsareindicated bycⅨ 服 苫. bplan ation s ofmutado n eonBtruetSareglV eni b 野rimenhl･
Luc瓶ras e activity 職 Sd 紬rminedasrelatiye activ吋(抗reny/Renil[a), ande a chvalueis the m ean(d=S･D)orr餌idtlalactivity
(%)of the control(p･16 3/寸儲)ofthI℃eSeparateXp由 m c鴫 cachperformed intriplieate･ i and* *indicate sta触ic a吋
盛 piricantd打r耶 nCe8 COmPa 陀dwith theco ntrol(p-163/ d O)(P<0.OSand pく0. 00 5,rcs阿 tiv¢ly)I ”indica 鵬 as tatistically
盛gni(ic ant dirferencebetwc erlPO CmtandpG C N Fmt(P<0･0 5)I
Ideruijic aLion ofike m ajo r Gis ele m e地
re spo n siblefortr a n s c riptio n ala ctivityOfthe5
'
-
Pa nki72gregion ofthe m C E S2ge n e･
Deletio n a n alysis and m utatio n a nalysis w e re
perfo r m edto e x aminethetrans cript1 0 nala ctivity
ofthe5' -na nkingr egio n Ofthe mC E S2gen e a nd
toide ntifythe ele mentsthatc o ntri butetoits
tr a n s criptio n ala ctivity･ Se v e ndeletio n c o n stru cts
w e retr a n sie ntlytr a n sfe cted into mo u sehepato m a
c ells(Hepal-6 c ells)I Deletio n a nalysis sho wed
thatthehighestle v eloftr a nsc nptio nala ctivity
w asinp-163/＋60(FIB. 2 C)a ndthat thele velof
a ctivity w asgr adu auyredu c ed a sthefr agm e nt
be c a m elo nger orsho rte r･ Deletio n ofthe r egi o n
fro m - 163to - 121, whichc o ntain edtheNFKB
ele ment(p-120/＋60),r es ulted in a r edu ctio n ofthe
lev eloftr a n s criptio nala ctivityby50%. Fu rthe r
deletion ofthe r egio nfr o m-120to J O, which
co ntain edtheE bo x(p-69/＋60), r es ulted in a
r edu ction ofthele v elofa ctivityto on efou rthof
thehighestle v elobs e rved inp-163/＋60･ The
a ctivity w asalm o stabolished bydeletio n ofthe
r egl O nfr o m-69to
- 30,in which the G C bo x w a s
lo c ated(p- 29＋60)I
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F如 r e4. Ide tLi 蝕a6on ofn ude a rprotein sinte r a c血唱 with dl eG C bo xin the tFICES 2g 悦 e Pm mOter･ ThciprObc8aJW
c om petito r s aLreilisted in Table $1. S ymbols(-)a nd(＋)indic atethe abs e n ce andpre s e n c e ofn u cle a r 既tra Ct9 0 r C OmPetito r,
re spe ctivdy. D N んpIOtCin c o mpl既 ei8 areindic ated bya rro w s aLnda re: nim edt A8tCd9kindic a蜘 u nknown c o mpl畷 e乱
E M S A8 W C rC野Tfo rrn edu singthe follo w lng pm be s:
-3 6/1 62 W T inlaneiS1- 3 - 5, and 7 -l la nd -3 6/ i 2MT inl弧 e 82 弧d 6･
0 1igo n tlCe o也de 00mpedto rs w e re ad ded with 5 0-folde x c e ss a m o u nts ofthe follo w)ng probe K ･3 6/-6 2 W T in h 雄 4, -36/-
62 M r inla n e5, 軸 W T inla n ¢7, and SpM T inla n e8, Su pershiftas says w 耶 P6rfo rm ed u盛ng antibodi蜘 SPCCiGcfor革pl or
Spa. An丘-Spla ntibod ks(2yg)w e r e ad dedto the rB a C也on miⅩtu re sinlan e10, a nd 争血 -SfB 孤tibodie さ(2y g)w 耶 added
to th¢ r wdo nmixtu re 且inlaJ Wll. Anti-p65a n6bodie s(2JIG)w e re u s edBL8 a n egadv e,c o rl廿o10aJICi9). T he zLm W 8indic ate
血ifted ba nds Other experllⅥe ntalpro c edures are d胡 亡ribcdin Expc n Ⅲ粧 ntal.
T he r es ults of m utatio n a nalysis w er e similarto
tho s e obtainedfr o mdeletio n a nalysis ofthe5
'
-
fla nkingregio n ofthe mC ES2ge n e(Fig. 3). Allof
the m u也tio nalc o n stru cts e x c eptfo rpN Fmt
sho w ed sigmific antr edll Ctio n oftr a n s c npt10nal
a ctivityc ompar ed withthatoftheinta ct p-
163/＋60. T heintr odu ctio n ofm utatio ninto the G C
tx)Ⅹ(pG Cmt)a nd the E bo x(pEmt)c a u s ed 68 %
(P<0.005)a nd 33 %(P<0.05)redu ctio n sinthe
a ctivityle v el,r e spectiv ely,relativ etothe a ctivity
le v elofp- 163/＋60. T he effe cts of do uble
IT)utatio n s o ntr an s criptio nala ctivitydiffer ed
a m o ng c o n stru cts. A dditio nalm utatio ninthe
N fk Bele m e nt topG Cmt(pG CN Fmt)re sulted in
r eductio northetr 弧 S C nptl O n ala ctivityle vel
(de crease ofafurthe r14 %,P<0.0 5). Ho wever,the
a ctivityle v elorthedo uble G C bo x a nd E bo x
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m utaJlt(PG C Emt)w as c ompa r ableto thatof
pG Cmt･ T he a ctivityle v elof thedo ubletEbo x a nd
N FKB elem ent m utant(pEN Fm)w a s53 %of that
ofco ntrol(p- 163/十60)a nd w a s slightlylo w ertha n
thatofpEmt. The a ctivityle v elofthe c o nstru cts
harboringG Cbo x, E box and NFKB ele m e nt
m utatio n s(pA llmt)w a s signific antlylo w(20 %of
the co ntr olle v el, P〈O.(氾5),but this a ctivityle v el
w a salm o st the s a m eas thatofpG C NFmt･
Ide ntiPcaio n ofn u cle a rprotein sinte r acting with
the G C bo x ofthe mC E S2ge n epro m ote r･
T he r es ults of deletio n a nd m utatio n a nalys es
show edthat the5
'
-na nkingr egi o n Of - 163to ＋60
con sists aminimalpr o m ote r ofthe mC ES2gen e
a ndthat three cis ele m ents, G C bo x, E bo x a nd
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F蜘 re5･Ide 鵬 &tl叫 01 抽 CIe & rpr8teh$lnter&cdJl客Wldldle abo x” thet”C ES2苫e7tePm bX'br. T heprobesand
co mpetitors arelisted inTable sl･ Symbols ar昏叩 hin edinthelege ndofFig･ 4･ E MSAs wcre performedusingthefollo w ing Probes:
-92/-123 W T inlan6$1, 4 - 6- a nd 8-ll- -92J-123 M T inlan es2 and7･ andUSFW TinlaJleiS3 and 12･ Oligon 批1eotide c o mpetibrs
were added dth 50-foldex cess aJ71 0 untS OfthefoIJo wlng PrObes:-92/-123 W T in 1町胎 5, 42/-123Mr inlane 6, U SF W T illlanea,
a nd USF M T inlane9･ E M S As w ere al抑 Per触 m edusinga血b d iesspecirICforU S Fl. Anti･U SFla nti b di郎 C2FLg)w ere addedto
therea cdo n mixbresinZaLlelO･ Anti-Aptandbodies(2jLg)w ere usedinJan ell as a nega如e conttd. Other cxpeTim eBtaJ
pro cedur es aredescribed in Ex坪rlm e ntaL
N F7eB ele m e nt
,
loc atd withinthe regi o n W eir
impo rta ntfo rtr ans ac也v a也o n ofthepr o m oter.
Ele ctr opho r etic m obilityshiftas s ays(EM S As)
w e r e c a rriedo ut todeter7rlin ethe nu clearpr otein s
thatc o uldinter a ct withthes e el m e nts. Thepr obe s
u s ed in E MS As arelisted inTable sl.
Figure4 sho w sthe r es ults ofE M S Asa nd
s upershiftas s aysfo ride ntific atio n ofpr otein s
intera cting withthe G C bo x. T hepr obe,
-36/-
62 W T, w a sin c ubated withHepaト6n u cle 打
e xtr a cts
,
r e s ultingl nthefo rm atio n ofthr e eD N A-
protein c o mple x es,te r m ed c o mple x1, c o mple x2
a nd c o mple x3(la n e3). There w as a n u nkn o w n
fa cto rinthe n u cle ar e xtra ctsindic atedbya n
a sterisk･ A lthr e e c o mple x esdis appea r ed whe n a
50-foldexce s s a m o u ntof - 36/-62 W Twas added
a s a c om petito r(la n e4), while a c o mpetito r
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c o ntainingadege n e rate G Cbo x of the TnCE S2
ge n e, -36/-62 M T,didn otaffe ctthefor matio n of
any ofthethr ee c o mple x es(lane5). T helabeled
pr obe - 36/-62 M rc o u)d hardly pr odu c eal thr e e
c o mple x e s(lan e6)･ Co mple x1 and co mple x2
w e r e c o mpletelyc o mpeted- o utby the additio nof
SpW T, aLn Spfami lyc o n s e n stlS Oligonu cle otide
(laJl e7),butn otbythe ad dito n of SpMT, a
m utated Spfamilyco ns ens u soligo nucle otide
(la n e8)･ Nei也e rSpW Tn o rSpM Tc o uldpre v ent
thefo n n atio n ofc omplex3(lanes7 and 8). To
ide ntifythepr otein s c ompo si ngthethree
c o mplex.e s,supershifta ssays w er eperfo r m ed
uslng anti-Spland anti- Sp3 antibodies. T he
additon ofa nti-Spla ntibodiesge nerated a
supershifted ba ndtogether withade cr e a s einthe
a m o u ntorc o mple xI fo r m ed(la n e10), a nd,
similarly,the additio n ofa nti-Sp3 弧tibodies
c o mpletelydi肌 ptedthefb m atio n orco mple x2
a c c o mpa nied bythegeneratio n ofa s upe rshifted
ba nd(lan ell). Anti-p65 antibodie s,tlS ed a s a
negative c o ntr ol, didn otinnu e n c ethefo rm atio n
ofany c omple x e s(la n e9). The s edata sho wthat
Spla ndSp3pr otein s ar ebou ndtothe GCbo x of
the mC E S2ge n epr o m ote r. Thefo rm ation of
c o mple x3 is n otdependento nthe c an omic al G C
bo xbutisdepende nto ntheG C bo x of the mC ES 2
pr o m ote r･ Nu cle arproteinsin c o mple x3r e main
u nkn o w n.
IdeTdiPc atio n ofn ucle aT･ Pr Oteinsinte r a cting with
theEbo x ofthe mC E S2ge n ep和 m OLe r.
Ne xt
,
w e ex amin ed n u cle arpr otein sthat
inter a cted with theEbo x ofthe mC ES2pro m ote r
(Fig･ 5)･ Inc ubatio n of thelabeledpr obe - 92/-
123 W Twithn u cle ar extra cts res ulted in the
fo r m atio n ofco mple x4(lan e4).
Fo rm ado n ofc omple x4 w as n ot bs･er v edin
thepr e s e n c e oト92/-123 W Tas a c o mpedto r(la n e
5), aJld th is c o mplex w asdete cted inthepre s e n c e
ofa c o mpetitor c ontai minga m utated E bo x, - 92/-
123 M T(lan e6). In additio n, -92/-123 MT c o uld
n otbindtothe n u clea rpr oteinfo r m l ng c o mple x4
(lan e7)I T his c o mplex w a s elimin ated bythe
addido n ofthe co mpetito rU S F W T, aU S Fs
c o n s e n stlS Oligo n u cle otide(la n e8), whileitw as
r esita nttothe co mpetito rU SFM T, a m utated
U S Fs c o n s e n stlS Oligo n u cle otide(la n e9). A
protein- DNA co mple x m lgr atingat the s am e
po sitio n a Sthatofc o mple x4 w a sdete ctedinlan e
12wher eU SF W Tw a s u s edas aprobe･ To
dete miれethepmtein s c o mpo sl ng C Omple x4,
E M SAs wer eperfo rm ed u sl ng antibodies agal n St
U S FlI Anti- U S Fla ntibodiespreventedthe
form atio n ofc o mple x4(1aJle10), while n o n-
r elated a ntibodie s(aJlti-A Pl anti bodie s)didn ot
(lane 1I). Thes e r e s ult de m o n stratethatUSF l
pr otein s e xistin co mplex 4･
Ide 72tlPcatio n ofn u cle a rpr otein sinte r a cting with
theNFKBele m e ntofthe mCES2ge n epr oTrl Ote r.
Res ults of deletion a nalysis a nd m tltation
a nalysis sho w ed that, e ve nin n o r m alc el c ultu re
c ondit o n s, the NFKB ele m e ntisimpo rta ntfo rthe
mC E S2ge n epr o m ote rto e x ertits m a xim u mlevel
of tr a n s cript1 0 nal a ctivity. To identify the
c o n stitutiv efa cto r(s)boundto the N FKB elem ent
of the mCES 2 ge n epr om ote r, 昆M SAs w ere
perfo r m ed u slng co n s e n s u s O r m utado n alprobes
fo rSp fami ly and C/E BPs (FIB. 6 A). T his is
be c a u s eit ha sbee n r epo rted that the upstrea m
regio n s ofP-s ele ctin[86], a Hgiote tLgin oge n[87】,
m ajo rhist00 o mpatibility c o mpl鴨 H2K[88L and
Cyto chf Om e P 45 0 3 A 7[89]gen e spo s s es sNF7(B
elem ents thatc allbindto a c o n stitutiv efa cto rin a
s equen ce-depende nt m a n n e r(Tablet S2).T hepr obe
- 123/-149WT c o uld bind to n u cle ar protein s,
re s ulting in the fo r m atio n of c o mplex 5 and
c o mple x6 (la n e3)I The s e c o mplexe s w er e n ot
obs e rv edin the pr e s e n c e ofthe c ompe也to r - 123/I
149 W T(la n e4)but w e refo u ndinthepres en ce of
申e m utatio nalc o mpetito r -123/-149 M T(lane 5).
Thefbr m a也o n ofc o mple x5 w as co mpeted a w ay
by additio n ofthe c o mpedto rSpW T(lane7)but
n ot affe cted bythe c o mp血to rSpMT(laJle8), T he
c om petito rN FKBWT slightlydimimished the r ate
of fo r m atio n of c o mple x 5 a nd sim tlta n e o u sly
abolished thefo r m atio n ofc o mple x6(lan e9). No
effTe ct of the c o mpe也tor N F k B M To n the
fo r m atio n ofc o mple x es w asobs erv ed(la n e10).
Neitherthe C/E B Pc on sen s u s c o mpetltO r n o rits
m uta ntaffe cted thefo rm atio n ofc o mple x e s(la n es
lland 12). W hen antibodie s w e r e added to the
r e a ctio n mixture, thefo r m atio n ofc o mple x5 w as
reducedinthe pr e s e n c e of anti-Spl antibodie sbut
n ot in the pr e s e n c e of a nti-p65 o r a nti-Sp3
anti bodie s(data n otsho w n). To v erifythebinding
of Spl to the mC ES 2NFTCB ele m e nt, EMSAs
w er e c arriedo utu sl ng n u cle ar extr a ctsfro mC O S7
c ellsin which Spl w a s o v e rexpr ssed(Fig. 6 B).
T hepr obe - 123/-149W Tc o uldprodu c e c o mple x7
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withn u cle ar e xtr a cts(laJle2), a nd this c o mple x
w a s elimin ated by the additio n of either a self-
c o mpetito r o rSpW T(la n es3 a nd 4, re spe ctiv ely)･
Thefo r m ation of c o mplex 7 w a s n otdistu rbedby
SpM T (lane 5). Fu rtherm ore, c o mple x 7
dis appeared inthepre s en ce ofanti-Spla ntibodie s
(lane 6), where as anti-p65 antibodies didn ot
distu rb the for m ation of c o mple x 7 (lane 7)･
Togethe r withthe r es ults sho w nin Figu re6A, o u r
data sho w thatSpl isin v olv ed inthefo r m atio n of
the s e c o mple x e s,
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刑卯 r eaIde n 肋 A触仇 OEhXLde a rpr oteh耳
hte r8d l喝 d ththeNF 畑 el甜I eht blthe
此仁方S 38¢l ePr Otn Ot 軌 Theprobe 各組 d
c o mpetito rs 乱作1i触 dinT&ble sl. Symbols are
explainedinthel8gCnd of Fig. 4. A, E MSÅs
w erePe rfor m edtI威喝 Hepa1･6 ntlC)ea r extr&CitS
andth8[ollo w lI鳩PrObcs:-1ヱ3/-1 4 9WTim hn cs
I, 3 - 5, 7 -1 まand -123/-1 4 9M T inlaJle 8之and
6･ Oligo A tJCle otide co mpetito rざ W er C 一山dedwith
50-fold e xce ss如nO t)nt8 0rthefTolo wibg Probes:
-1 23/-1 4 9W T i丑JaJle4. -1 2 3 !-1 4恥dT inlaJl e5,
SpWTin hn c7, SpM TinlaJl e8. N Ftd3WTin
】aJle9, N 抗〔B MT iJ)lBLn el D, C/EBPW T hlaJIB
l l, a nd C/EBPh q in hn e12. A, E MSAs w 6 托
pc rForm cd u singn ucle ar e xh ctS Of C O S 7cells
o y e re xprcssingSpl. Theprobe -1 2 3/･14 9 W T
w 舶 tW ed in dlan e sOulO ntlCleotide
c o mpetito rs Were added with SO
-fold¢Ⅹc ess
a m o tltltS Ofthefollro wingp7t)be 正 一12 3/-1 4 9 WT
intaJle3. SpV T inlln C4, a nd SpM Tinlane5.
AⅡti-Spl 皿 tibodie s(之yg)w c 柁 &dded tothe
rcac由Jlrrh(u TeS3Jlhzw 6. AJlti-p6 5&JIBtxdjes
(2JIg)w ere added tothe rca ctio nmixtn re sin
J弧 e 7. O the r expe n m c n払1pm c e血 re s ar e
de s cribeain bpe rim e ntal･
Syn erglStictr a n s a c也v a也on ofthe m Cモ迅2
pr o m oterbySpl,Sp3 and U SFl in Dr o sophila
S L2cells.
We fin ally analyz edthe fu nction alc apabilties
of Spl, Sp3 and U S Fl fo rtra n s a ctiv ado n ofthe
m C E S2ge n e pr o m ote r･ p
- 163/＋60 was c o-
tr a n sfe cted with pAcSpl, pPa cU Sp3, a nd/o r
pAcU S Fl in Dr o s ophila S L2cells, whichpo ss e s s
a n ull backgro tl nd fo rthes etr a n s c npt1 0 nfa cto rs
[90], a nd lu cife r as e a ctivitie s w e rc o mpa red(Fig･
7). W hen tra n srected alo ne, Spl w as sho w nto be
a str o ng tr a n s a ctiv ato r ofthe pr o m oter(2.4-fold
in c re as eirl Pr o m ote r a ctivity), while USFl
indu c ed only a w eak tr a n s a ctiv atio n (i.4-fold
in c re as ein prom ote r a ctivity)a nd Sp3 w asalm o st
in ert. Ho w e v ellin the c as e or a c o mbin atio n or
Spl withSp3 o rUS F l,thepr o m ote r a ctivityle v el
w asin cr e a s ed by3.7fold(P<0.01) and 4.2fold
(P<0･05), r espe ctiv ely. The c ombin atio n of Sp3
a nd U S Flals o show ed a syn erglStic
tr a n s a ctiv atio n(in cre ase by 3.5 fold, P<0.005).
Mo reo v e r
, potent syn e rgistic tr a n s a ctiv atio n
(in cr e a s eby8.7fold)w as obs e rved in the c as e of
a c o mbin ation of all thr e efa ctors, and th is
indu ctio n lev el of pr o m ote r a ctivity w a s
slgnifica Jltly highertha n tho s e obtained with the
Spl/Sp3 c ombin atio n o r the
c o mbin ation (P<0.005). T he s e data
c o oper ativ e tr a n s a c也v a也o n of the
pr o m ote rbySpl,Sp3, a nd U S Fl･
ⅠトトⅠV Dis c ussio n
Sp1/U S F l
indic ate
mC E S2
W eha v epr esented her e s o m e e xp ri m e ntal data
sho w i ngtiss u e expr es sio npr ofile s of m C E S2 and
indic atingthatSpl, Sp3, a nd U SF Ic o ntributeto
synergl Stictr a n s a cbv atio n of the mC E S2pr o m ote r･
As fo r the ex amin atio n of tiss u e expr es sio n
profiles of m C E S2, R r- P C R is n ot a c ompletely
qu antitativ e m ethod fo r e valu atio n of mR N A
expre s sio n; n o n ethele ss, the a mplifc atio nle vels
ofspecific ba ndsintiss ue CD N Aw ere appar e ntly
diffe rent･ Relativ ely high expr es sion le v els of
m C E S 2 in the liver a nd s m all intestin e ar e
re a s o n able sinc eitha sbeen de m o n strated that the
camitin e/acylcamitn e syste mdo e s w o rk inthe E R
inthes etis s u es[64, 80]･ The r e as on why mC E S2
is e xpr es s ed inthe kidn ey, thym u s, adipo s etiss u e,
brain
,
lu ng, a ndte stis butis n ot e xpres s ed in the
heartis c urr e ntly u nknow n･ Ithasbe e n r epo rted
thathu m a nC E S2 is express ed athigh le v elsinthe
kidney a ndheartand atlo wle v elsinthe br ain a nd
lu ng but is n ot expr e ss ed in the thym us [83].
Altho ugh physiologl Cal fu n ctions ofthese C E S 2
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to re v elatio n ofn o v elphysiolog柁 alFun ctio n s of
mC ES 之.
Otlr n e xt Challe ngeistodete r min eho w mCES2
tra n s criptio nis c ontr oiled･ An appr o xim atelyl･4-
kbp fragm e nt of the 5
'
-fianking r egio n Orthe
TT2CES2ge n e sho w s char a ctedstics ofaT A TA
-les s
pr o m oter, su cha sthela ck ofaTATA bo xbutthe
pres e n c e ofa CiC bo x arid a nEbo xinpre c ed n c e
to th昏 tr a n S e nPt1 0 n Start Site. A TATA-le ss
pro m o蜘 s e e m sto b¢ sha redby other m e mbe rs of
the C ES fa mily, sin c etw o pr e vio u sly r epo rted
CES pr o m ot 耶 als o do n ot hav e a functio n al
TAT Abo x【49,91】.
T he mCES2 pr o m otBr tr a n S a Ctiv atio n was
c o ntr olled bythe synergistic a ctio n ofthre e Gis
ele m e nts, a GC box, a n E bo x a nd a n NFKB
cle m e nt (Fi鼻S. 之 aJld 3), but the degre e s of
c o ntdbutio n ofthes 昏 ele m e nts to the pr o m ote r
activity w e r e n ot equiv ale nt･ Itis n ote=w orthy that
th¢ E bo x c o uld w o rkas afu n ctio n由 cis ¢lem ent
o nly wh¢n afu n ctio nal G Cbox w aspr es e ntinthe
pr o m ote r(FI菖. 3,pG Cmtv s･ PG C Ea ndpG C NFmt
v s. pAllmt), indic ating that ther e w a spotential
c o oper ativ einter a ctio n betw e e n n u clear fat:o rs
that bo u nd to thes etw o Gis ele m e nts. T hes e
nu cle arpr otein s w er e rvealedto beSpl, Spaa nd
U SFl byfolo w ing e XPe n mentS･
Spfa mily pr otein s aJld U S Fs a retran s c npt10 n
fa cto r sthat ar e ubiquito u slye xpr es s ed andthatar e
involv ed in tr an s a cdv a也o n ofTA T A-les sprom ote r
via binding to the G C/G T bo x a nd E bo x
(C A NTG), r e spectiv ely [92-95]･Am ong Sp
family protein s, Sp2 is str u ctu rallydiffe re ntfr o m
other sp m e mbe rs [96-98] and Sp4 is
predo min antlye xpre s s ed inthebrain[97,99]･ Sp3
is expr e ssed in al 1m a m m alian c ells that e xpr e ss
spl【96, 98〕. T hu s, Spl and Sp3 w e re ou rfirst
choic e as c andidate sfo r nucle arpr otein s that
inter a ct withthe G C･bo xofthe mCES2pr o m oter･
on the othe rba nd, w e cho s eU S Flas a c a ndidate
fo r nu cle arpr otein sthatbindtothe mC ES2 E bo x
sinc eU S Fs ar ein v olv ed inthe regulatio n of m a ny
ge n e sthat play a r ole in glu c o se o rratty a cid
m etabolis m, s u ch as tho se e n c oding glu c okin as e
【10】andfattyacidsynthas e[10l,10 2]･
Ⅰn additio ntothe G C bo x, w e also dete r min ed
thatSpl c o uld bindtothe mC ES2 N FKB ele m e nt･
Hir a n o et al.[86]de m o n str atedthatSplca nbind
to subs ets orN F7;B ele m e nts with highaffinties.
They propos ed that Spl might r ais ethe ba sal
e xpr e ssio nlevels orNFKB- depe nde ntge n e sinthe
abs e n c e of a ctiv ated NF7CB. Altho ugh mCES2
ge n e tr a n s cripti o nis appar e ntly n ot N FKB
-
depende nt, their pr opo sitio n, at le ast in part,
S uppo rtS o urdata be cause the mC E S2N FKB
elem e ntis n e c e ss ary fo rful pr o m ote r a ctivity･
Furthe r a n alystsis n e eded to dete rmin e whether
NFKB is in v olvedin the regulatio n of m CE S2
ge n etr a n s cript10 n･
Sp fa mily a nd U SFs sho w m 弧y hete r otypIC
inter a ctio n s with difTerent clas s e s of nu cle ar
pr otein s【103-106]･ Itha s re c e ntly be e n r eported
thatphysic ala nd functio n al inter a ctio n sbetw e e n
.
spl a nd U S Fs r egulate h um a nde o xycytidine
kin a s epr o m oter a ctivity [107]･ Here, w eha v e
pr ovi dedaddito nale xperl m e ntaldatashow lngthe
syn ergisdc role of Sp fami ly and U S F l in
tr a n s a cdv ado nofthe pr o m oter･ Ou rre s ults ofc o
-
tr an sfe ctio nasays ar ein a c c o rdanc e withallother
r es ults obtained in the pr e sent sttldy･ Notable
fh dings a r ethat tr a n sfe ctio n with U S F l alo ne
only w e akly a ctiv ated the traJISCriptio nbut that
w asa po sitiv e a ctiv ato rin the pres e n c e ofeither
spl o rSp3. AlthQ ughthe me cha Jlis m by which
sp3 inter a cts with U S Fl is c u rre ntly u nkn o
wn,
thes e results a reals oingo od agreem e nt withthos e
indic atl ng that the E bo x n eeds the G Cbo xltO
w o rk as afu nctio nalcis ele ment(Fig. 3)･
unexpectedly a nd interestl ngly･ Sp3
could
inte r a ct with S㌘I to syn e rglStic ally in c r e ase
m c E S2pr o moter a ctiv lty rathertha n c o mpete
with Spl, whe re asSp3 alo n ew as u n abletodri
v e
the tr a n s activatio n. M o re s u rpnslngly, Sp3 c o uld
co oper ativ elyinte ract withtheSpl/U S FIc o mple x
to furtherincr eas e mC E S2pr o mote r activlty･
Regarding theinte r actio nbetw e e nSPA and Sp3,
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o u r r e s ults ar e r e minis c e nt ofstudie sin which
tr a n s criptio nalr egulatio n ofthe m o u s ehepato cyte
gro wthjbcto r(H GF)recepior gen e[108]orthe
r atfattya cidsynthas e(En S) gen e[109] w as
aJlalyzed･ In thes e studies, Spl a nd Sp3
tr a n s criptio n fa cto rs e xhibited c o ope r ativ e
fu n ctio n sin ge n etr a n s c nptio n, a nd Zha ng et al.
【108】repo rted that physic alinte r a ctio nbetw e e n
the s e fa cto rs w a sdem onstrated by c o-
im m u n opr e cipitation as ays. How e v e r, other s
r epo rted that anti-Sp3 a ntibodie s did n ot c o-
im m u n opr e cipitate Spl o r vic e v e r s a[110].
Tra n s c rlPtl O nal pr ope rtie s of Sp3 ar e s o
c o mplic ated [93]thatit r e main s u n c ermin ho w
Sp3 isinvolv edinthe syn e rglS m Obs e rv ed in o u r
c as e･ Ftlrther analysis is n e ededto elu cidate the
m e chanism .
Itis very lntngul ng that Spl a nd U S Flar e
str o ngly Inv olv ed in tra n s crlPtl O nalr egulatio n of
the mC ES 2gene becau s e ther e ha s be e n
a c c u mulating evide nce of Spl aJld U S Fl being
m ediato rsfo r in stl in r e spo n s e･ T he c u rre nt
u ndersta nding ofSpl is thatitis n ot)u st a basal
tra n s criptio nfa cto rbutis als oa m e mbe r ofin s ulin
s lgnaling caLS C ades a s w ellas of other slgn al
tra n sdu ctio n s
sho w ed that
e nha n c e sits
in cr e as e sits
[111]･ Ke e mbiyehetty et al. [112]
in s ulin a ugm e nts Spl e xpr essio n,
tr an slo c atio n to the n u cle u s
,
and
glyco sylatio n. In the diet-indu c ed
D Nas eトhyper s e n sitiv e site ofthe r atE:n Sgen e
pro m ote r, the binding of Spl to the G C box,
which isJu xtapo sed with FA S in s ulin-r e spo n sive
ele m e nt1(FIR E l), co ntri butedto the binding of
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NF-Yto FIR El【113】. On the otherhand, Laモasa
et al･ [114】ha ve elega ntly dem o n str ated in viv o
that U S F binding to the E bo xis required for
S R E B P binding a nd a ctiv atio n oi
l
the 払S
pr o m oterin r efe edingstate sin mic e. Thereis n o
info r m atio n atpr e s e nt o nho r mo nalor n utritio nal
regulatio n ofm CES2ge n etr a n s c nptl O n･ Ho w e ver,
c o nsidering ourpr opo sitio nthat m CES 2plays an
impo rta ntr oleinfatty a cid(ester)m ぬ bolis m, w e
ar e r e adyto te st the po s sibilitythat mCES2ge n e
tr a n s criptio nis r egulated by I n sulin o ri
'
e eding
c o nditio n sthr o ughSpla nd/o rU SFs.
In the pr es e nt study, w e ha v 培 Sho w ntis su e
e xpr e ssio npr ofiles of mC ES 2a nd pa rts ofthe
m e cha nis m by whichtr a n s c riptio n of 也e mC:ES2
ge n eis r egulated. m C E S 2 is e xpr es s edin 払eliv er,
kidney, s m an inte stin e, brain, thym us, lung,
adiposetissue a ndte s鮎 . Weha v e als o sho wn that
Spl, Sp3, a nd U S FIc o ntribute to syne rgistic
tran sa ctivatio n ofthe mCES2pr o m ote r. Altho ugh
the po ssibility of in v olv e m e nt of other
traJIS CnPt1 0 nfacto rsin the r e島ulatio n of mCES2
gene expr es sio n c a n n ot be r uled o ut andfu rther
studies ar e n e ed d to fully elu cidate the
m echa nis m s
,
o u rdataindic ate thatSpl, Sp3 and
U SFlar eindispen s ablefa cto rsfo rtr aJIS Criptio n of
the mC E S2ge n e･ T he r es ults ofthepr e s ent study
ha v epr o vided s o m e clu e sfo r u nder standing the
m ole c ular m e cha nis m s r egulating mCES2 gene
expr e ssio n a nd sho uld be u s efulfo r studies aim ed
at elu cidatio n of physiologlCal fun ctio n s of
mC E S2.
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ln th忠 Pr e Vio u s s e c如 n, w eha v eFo u nd that
rnCES 2ar e 既Pr e SS ed 主n v ario u stiss u es withthe
higherle v el of expr母S Sion pre s entin the liv e r,
kidn eyand s m allinte stin e. Andthre etra n scdptio n
fa cto r s
,
Spl, Sp3 a nd U S F l, c a 迫bind to the
pro m ote r regi o n Ofthe mCES2ge n e,l飽dingto a
syn e rgistie tr a n s a ctiv atio n of the pr o m oterr
Altho喝h 伽s rn e ehamim m aye xplain ubiquito u s
tiss u e 既pr eS Sio rlpr ofiles ofm C E S2,itis u nlikely
to c o ntd butc to the hi苔h lev el of mC ES 2
e xpr 鰯ionintheliv er,kidney a nds m allinte stin e･
The refore, a n other m e cha nis m c o ntr olling this
tiss tlCSPCeifictr a n s criptio n w o ulde xist･
Hepato cyte nu clearfa cto r-4 alpha(HNF 4cx)is
a membe r of the nu cle ar r e c epto r s upe rfami 1y
【l151. M arty n ucle ar r e c epto rs r equired their
specificliga ndsto str o nglystim ulatetr a n s criptio n
oftheta rgetge n e, butH NF-4α e x ertsits abilityto
a ctiv ate tran s cription oftheta rget ge n e s witho ut
itsliga nd･ In stead, the abilty ortr an s a criptio nal
a ctiv atio r1 0r H N F-4a wa s m odulated by its
v ario u sliga nds, lo ng- ch ain a cyトCoA thio esters
【116]. H N F心 w a s spe cificaly e xpre ss ed in the
liv e r
,
kidn ey, s m all intestin e, pa n cr e a s, 弧 d
sto m a ch[115,117,118】
H NF-4a hasbe e ninthelim elightinthe studie s
amid aも血e elu cidatio n or m e cba nis m sc o ntr olling
live r differ e ntiation a nd fu n ctio n s sin c e this
rl u Cle arfacto rhas bee nsho w nto beinvolved in
the r egulatio n of m a ny ge n e s r elated to v ario u s
m etabolis m s
,
s u ch a sglu c o se o rlipidm etabolis m,
synthe sis of blo od c o agulatio n fa cto rs, a nd
epithelial m o rphoge n esi [119-12]･ T he r oles of
H N ト4α in lipidm etabolis m ha sbe e n e x a mined
byde v elopm e ntof mice withthe Hnf4a ge n e n ul
hepato cyte s[123]sin c ethedis r uptio n ofthe Hnf
4α ge n e c a uses embryo niclethal[124]. The mic e:
withthe HnF4α ge n enul hepatocytes sho w edthe
in c r e as ed le v el of the lipid a ccum ulado n in
hepatocytes, co nc u re ntly with the de cr e as ed
le v els ofthe s e ru m cholester ol aJldtriglyc eride s.
T he mic e als o sho w edthe ele v ateds eru mbile a cid
le v el. inter e stingly, re c e nt studie sha v e sho w ed
that the o rpha n nu c一ear re c eptor s m all heter odim e r
pa rtn e r (S HP) inhibits H N F-4α - m ediated
tTan S aC屯v atio nin the v ario u sge n es[125-127],
indic atingthat H N F-4a is o n e oftheta rgetsfTo r
m etabolic switche sin r e spo n setobile a cidsign als･
Collecdv ely, HN F･4α istho ught to be o n e ofthe
key fa cto rs fo r or che strating v ario u shepatic
fu nctio n s. T he s ebiological char a cteristics of
H NF-4a de s cd bed abo ve pr o mpted ItstO test the
hypothesis thatH N F-4α w o uldbein v olv ed inthe
tran s criptio nalr egulatio n ofthe mCES2gene･
In this study, w e ha v e obtain ed se ve ral
e xpen m e ntal data indic ating that H N F
-4α is
in volv ed in the r egulatio n of the mCES2 ge n e･
Fu rther m o r e, w eha v e als oshow edthatbile a cid
ca n r epr e ss mC E S2e xpressio nbyinhibitngthe
H N F4α - m ediated tra n s a ctivatio n orthe 〝!C E ㍑
ge n epr o m ote r･ These res ults w ould be valu able
inform atio nfo rthe study aim ed atthe elu cidatio n
ofthephysiologlC al fu n ctio n s of mC ES 2･
II-II- ” Materials and Methods
cellcultures, total R N AisolaEto n, CD NAsynthesz
'
s aT7d
re veTTetra nscriptio n
-
polym er ase chain re action(R TI PCR)
an alysis
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H um a nhepato m a celllin e, HepG2cells, wer e obtained
fro mthelnstih tc of Dcv clopm e nt,Agingand Ca ncer,
Tohoku U hiv ersity(Sendai,Japan), a nd C hin eseha m ster
lu ngcar cin o m a, V 79cells, w e r efro mAm 血 ca n
-
吋pe
Cultw eCollection(Rockville, M D), Both cell lin ¢s w ere
m aintain edat37oC with 5 % C O2in Dd beccds m odified
Eaglc
l
s m ediu m(D- M E M)(In vitroge n, Carlsbad, C A)
stlPPle m c nted wi dllO %(v/v)heat-in activ aled fetalbo vin e
s er u m(用 S)a nd 50 mits/m Lpemicilhn and wi血50yg/mL
strepto mycin. Hu m a nhcpatQ m a CClllin e,F W cells[128】,
w ere kindlypro vided byDr. S. Naga m ori(Eyodn
U hiv ersity, Tokyo,Japan)a ndw eregro w n at37
oC wi th 5 %
COBin DrM 温M ノF-12¢n vitrogen)supple m ented with 10 %
(v/v)heat-inactivated Fa sand 50u nits/mLpenicalin and
with 50J噂/m Lstrepto mycin . Mo 旧 eiIIm Ortaliヱed
hepato叫 cs,T LR 2cels[129】, w ere obtain ed fro mJapan
Health Scie nc esFou nda也on ロbkyo,Japan)and w eregro w n
at33oC with 5 % C OB 0nthetypeIcollagen
-c o ated flask･
Culhre m edit m fcw血is cell hc wasRIT C 80-7(Asahi
Tcchn oGrass
,
Ft n abashi,Japan)stlPPle m ented with 2 %
(v/v)he at-in a ctiv ated F B S,inst止in-tr a n sfe血n -s elc血 m -X
stlPPle m e nt(10mg/L insd in, 6_7nglLsodin m sel n ate,5.5
mg/Ltran sferi平, and 2mg/Lm Q n 00tha n ol mie atfinal
c on ce ntratio n s)qn vitrogen),10ng!JJLre co mbin a nthtl m an
epidcH n algro wth fa cto r(Ⅵ屯ko),a nd SOu nits/mLp血 ci11in
and with 50y g/m Lstrepto mycln.
Total R N As ofthes e celllin es w ere extra cted fro mTRIzol
reagent(bvitr ogen)a ndCD N Aw as synthesized bytlSing
Ready-To -Go R r-FC RBe ads wi dl an Oligo(dT)prim er or
randa mhcx a m erpdm cr(Amer血a mBioscie n ce,Pisc ata w ay,
N J, U .S.A.)a sdes crit*d inthe se cdo nI-Ⅰ-II. To de m c n strate
thatn oge n omic D N Aw as co ntanh ated,P C Ramplifica也o n
w asperfo Ⅱn edu singto一d R NA as ate mplate with a setof
prlⅡ旭rSfordetectio n ofthe m otlSeglyceraldehy由
一
pho sphatedehydTVgenaSe(G APD H)gene:sense, 5
'
-
T G C A C C A C C A A CrG m A-3
I
;andand-sen s e,5
'
-
G G ATGCAGG W G År G T r C3
'
, o r a s etofpdm ersfor
detectio nof thebl m a nβ2 microglobu rin gen e: se ns e,5し
G CT T A C AT G T C T C G AT C C C A m 3F;anda n良一s e n s e, 5し
C C C C C A C T G A A A A A G A r G A G TA T G 3l. To detect the
e xpressio n of theblm anH N F-4α2 gen e a ndtheEIN F-
4a8ge n e,thediffere ntse nsepn m ers and the shared
antisens epn m cr w ere llSedasfollows;sen sefortheht m an
H N F-4a2 gen e, 5しÅr G G A C A T GGC C G A C
p
r:A C A G T G CT1
3'
,
s e n s eforぬe H N F-4a8gen e,S
-
-
m G G CCA TG G TCA G C G T G A A C O-3
I
, a ndc or m n o n an也-
s e n s e,5しC G ÅÅT G TC GCC G r rGJW C 3
I/Ibes叩 n m CrS
w eredesign ed o nthebasis oftheprevio us repo rts[13 0】･
Similary.to dete ct the expressio n ofthe m o u seH N F
-
4a2 ge n e 弧d dlCH N F･ヰα8ge n e, ぬcdi 靴rc nts ens e
pn m ers andthe sharedantis ens ¢pn m er wcrc tlSCdas
follo w s;sens eforthe m ollS ¢H N F-4a2 ge n e, 5
'
-
G A CTC TC T AA AA C C m G C C( ト3
'
,
s c n S efor払eH N F-
4a8gene,5しG T C A T G G T C A G T G T G A AC G C3
-
, a nd
co 汀m 10 n a nti-sen se.5しG T G År G r r G G C A AT r rC m G-
3I.
Pla s midc o n rt uctioTZ
Lu cifcras¢ reporterge n叩1asmi ds co n一山ningthe mC HS2
gen epro m oter rcgiQ n(計1385 W T/＋60,pJ 佑/＋60a ndp-
2 9/＋60)w er eprepared byin s cr血 gth¢ m C ES2gene
pm m ot¢rto pG L 3-basic v e ctor(軌 o m喝a)asdes cribed
previo Ⅶsly[13 1]. To m ake an oth金rdeletio nplasmi d in which
directrepe atI PR l)ele m entinthe TnC ES2pro m oter was
ex cltlded, Kpnisite w asintrodu ced within 也e dc m entby
in verseP C Ramplific a如 m asdescrit*dpreyiotwlyr131]･
7 be s en sepn m er w as5
し
C C T G T G C A A G G T A C C C T C C I
'
W G m C C T-3I andthe
an心se ns cpn m cr w as5し
A G G A A G C A TA A G G A G G G TA C m G C A C A G G 3l. This
m utatモdplasmi dw asdigested byKpnI, follo w ed byselト
1igatio n. T 山splasmi dw ast印 n edp⊥9/＋60･ Inthe sa m e w ay.
m uta也o n w asintrd u ced intothe D R l de m e ntofp-
1385 W T/十60 byusingthe s ens eprl m Br.5し
C T G G C C AJ T G G C T C C rA T C A A A A G T G A C T A AI-3I, a nd
the and-s e n s epn m er, 5し
A:T T A G T C ACT m G A T A G G A GC C A År G G C C A G-3†.
This m utatedplasmi dw aste rm ed asp
-1385 M T/＋60･
The CD N Aclo n es oftw ois ofo m sofm o u seH N F-4α ,
Ⅰ 珊 -4α2 and H N F-4α8, w ere clonedfrom m ouseliver
CD N Aand T L R2CD N A, r e spectiv ely, byP C Ramplific ation･
Fo rthe clo ning of H N ト4α2, the se ns epn mer,5
'
-
G A C T C T C m A A A C C C rr G C C G-3I , a ndthe anti-s e n s e
pn m er w as5
'
- C G T G T C A C År C rr C m G C CA -3
'
w er e
us ed. Si dary,the se nsepn m er, 5
'
-
5 3
GT C A
'
r G{TJT C A G T G T G ÅA C G C;3-, a nd 也e anti-s e n s e
pn mer, 5
しAC r A C;{i
r
l
J
7 ÅC T C C C A GGT C rC-3
書
. w ere u s ed
for血e clo ningof 鮮 血S. To obtain s m alheterodim cr
partn er(S H Y)eD N Å, P C Ra mplific a也 槻 W aSPCrrO med by
usingratliv er CD N Aandth¢pn m er set ,Sし
C A AG A C A C A G A C C A
'
r G A G C r-31 '%d 5r-
G T C A C CTr A A C AA A G C År G-3'. The CD N Aclo nes
w crcin 維rted intopC R 凋l柑l‡lITOf りve ctorOn vitroge n)I
Preparatio n Ofm o u s¢ andra書hver CD N Aw asdescribed
pre vi珊 Sly【131】/ nlCrlthe eDN Å澄 WCre S ubclo ncd into
pTA R Gどr m aJr m ali狐 e}XPreSSio n Ve ctor(pt N F 功α2,
pftN F 舶 &弧dPSHP)byEc oRI di酢Stioll CO uPledwith
曲 Alin cpho sphatasBtre払tm 組t tO en ableit tobe exp柁SSed
in H uLn u n aBa n cclis. ne:DNA scqtlCn CC W asdetc nmied
tISing a DyeTcrmiJlatOrCyde Sequc n血 g
-Q血k StartE3t
(Beck皿 anCo一触 r, F d lcrton, C A, U .S.A .)andaC EQ2 00 O
D N A An alysisSy舶 m(恐eckm 組 Coldter). The reslllfs W 粥
c onrlr m ed byscq伽 n Clng atle ast twic ein each direc蛭on･
●
Tr a n sie nt tra坤 cil
'
o n a nd 血αllu c紳rase assay
fⅠepG 2cells, F L C7cells a ndV 79 cells w ereplatedatan
appr叩riatcden sityofin a24- w ell dishon edaybefore
tran sfe c血 n. W henthe cellshadrea ched 60to 80percentof
c o nflu cn cc油 ey w er etra mientlytran sfcctcd wi th 2 00ngof
ぬe reporterplasmi ds, 4ng ofp 脱 - T Kvector(放o m ega)
弧d l 00ngofe mptypTA R G 打rv ecto rand/q CDNA
expressio n v ectorshr u singTraxLSrr(M irus, Madiso恥 Ⅵ)
acc ordingto m an t血 ctu 托r
'
sproto col･ At30hrafter
tran sfec也 叫 也e cells w ere w ashed withphosphate
-buffered
salin e肝BS) 孤 d w ereharv ested. T heluminesc en cefro m
tra nsfectedcelllysates w asdetermin edu singaDu al
-
LtlCiferas eReprterAssaySyste m(打o m cga)andaTD
-
20/20 lumin o m etcr(Pro mega)asdis cri bedprcviotBly[131]･
Resdts w ere expr ess ed as relativ e rado(fircnylu cifcras e
activity/renillalllCiferaseactivity)･ Experim e nts were
pe 血r m ed in triplica(a. andeach vaneprese ntedisthe m ean
(士 S.D)fro m atle ast threein 血 pende ntexperim e nts･ Forthe
as aysto dete min ethe efrBcts ofchen ode oxycholic acid
(C D CA, Sigm a,St. Lo主s, MO)o nthepro moter activityof
the mC ES2gen e, C D C A(50, 75o rl00JJM)orits v ehicle
(dim ethylsulfo xide, D M S O)w as addedto the se n 皿jre e
m edium at 3h anertr ansfection. Thelu ciferaseactivity w as
determinedasdescribedabov e.
Nu cle ar extra ctio Tl a ndelectT10PhoT7etic 7n Obilitysh研 a.ES ayS
(E M SAs)
Nu clear extracts w ereprepar ed frolnHe〆氾 celsand
T L R 2cells asdes crit*d in ぬe se ctio nl u-1Ⅰ. Thepr otein
co n c entration w as determin ed bytlSlngaBio-Rad Dc
Promin AssayKit(Bio-Rad I』boratories, Hcrcdes,C A･ ,
U .S.A.). ThentlClearextracts w ere storedaト80
oC Ⅶldl
u sed.
Detai1ed pr oceduresforEMSAs w crcdescritx5d in the
se cto nIトⅠ-II. T he oligo mlCleo也de s eq批 nCe CO ntaining wild
type or mtltated D R le em ent ofthe mC ES2pro m oter w ere
designed as follo w s: 5
し
m A A A:T A G C r G C C rGT G AAG 岱rr C A C T C C T rAT-3
I
(m c ES2 D R i W T), a nd 5L
m A A ÅIA G C T GC rGTェ王33:GG T r C A C T C C n ∬-3
.
(m C ES 2D R lhqr). Co ns¢nstw and m utated co nsen su s
oligQn d eo也des forHNF
一 触 w eredesigned onthe basis of
the previol娼 rePO rt 【115L which w ere 5
7
-
T C G A G C G C T G O OC A A A G G T C A C C r G C-3
- (A PFI W T)
5しT C G A G C GCrAG G C A鑑 ロ( 汀C A C C r G C-3
.
(A PF lhqr). t he only s ens e stra nds cqu cncesweredisplayed
abo v e, a nd the letters t mdedin cd h dicated 血e m tlado ns
introdu ed_ T he n a m es of probelc QmPe也to r w ereindicated
in the p乳化r[theses･ Forinhibidon ass ays n s mg aA塩 山ies, 2
y gof andbodies again st H N F4α (s cJ 556x, Sa nta Cru ‡
Biote血 , C A) orhe at sh∝女 tran scripdo nfactor(H ST F)1
(sc -8 鵬1x, Santa Cru 乙Biotech) w as added to the binding
rea ctio n mixtt m at ro o mte mperattu efo r30 min pn orto
addi丘o n ofthepmbe･
C DCAtre atm e nt tO TLR 2c etLT a ndqu a n#tative Te al-Lim e
P C R
T L R2 w ere s eeded o nthe eollage n- c o ated frasko n eday
beforetreatmerLtinthe redu cedse ru mco ndi丘on(1.2 %)to
mini mizethepote ntialsho ck o nthe ge ne e xpressio nin
n R2cells caused byseru mdepleho n･ Tim epointOぐr=0)
w as setatthetim ejustbefore additon of C D C Atothe cells,
a ndat this也m ethe c ultured m ediu m ofthecelltobetreated
w erereplacedtothe se n 皿fre e m edium a ndsubseque n
tly
54
C D C A(∠k5JEM)orD M S Ow ereadded/lbe cells and
co ndito n m edit m wererecovered at6,12,24and 36 hr
aftertreatm ent汀 =6,12,24, a nd 3 6). To xicityof C D C Aw as
c valtlated bythedetermin atio n ofthelev elofreleas ed
lactatedehydroge n as e(u )H)a ctivity(In vitroto xicology
assaykitla ctatedehydrogen asebas ed,Sigm a)and byc ell
virabaity(0.4 %仕ypaneblu e stain,In vitrogen)･ Total R N As
ofthe collected cells w ere extractedandCD N Aw as
synthesiz edasdescribedabo v e. The expressionprofiles of
m C ES 2,SU Pand Ⅰ 抑 -4α w ere analyzedbyu singTaqm an
Gen eExpr essio nAssays with A BⅠP 和S M 7 00 0 Sequ ence
Dete c也onSyste m(Applied Biosyste m s, FosterCity, C A)･
T 九e rc actio nmixtu re c o nsistedof Taqm a nU hiv ers al P C R
MasterM ix,Ass ays-o n-De m a nd Gen eI玩pres sio nAss ay
M ixCraqm anprobes a ndprim ersforthe specificgc n c) 弧d
CD N As a mple.I m re actio n w asperfo m cd bythe
co ndidon:50oC for2 min a nd 94oC forlO min,follo w ed by
94oC fw 15se e and 60oC for60s ee,40cycles. T h¢le wd of
expressio n of 18S 瓜N Aw as usedas aninte rn alsta ndard
and w as used for n or malization ofthele velofe xpressio n of
the obje ctivegen e. The valtle W aSthe m ean ofthre e
indepe ndentassays, e a ch ofwhicll W erep 血r m ed in
duplicate. Forfo rc ede xpressio n of H N F Aa in T L R2 cells,
‡卦『-4a2exFeSSio n v ector w astran sfe cted into T L R2C ells
12 hancrtr eatm 紘一Of C D C A byu$1ngCo m班 Mag
@hn akoshi,Tokyo, Japa n)c o mbin ed with Trans-IT. The
c ells w ere rec o v eredat 2 4A and 36 h fq extracticn oftotal
R N A･ Qlユ皿 也rlCa血 n ofmR N Aexpressio n w asperfo rm edas
describedabo v e.
Prepw afio n ofTL･R2c ell ho m oge nates
T Le c ultur ed cellsin n or malco ndi也Q n and thos etreated
with C D C Aor v ehicle w ere collectedand w ere dis rupted by
ultras o血c ato r･ T henthe ho m ogen ate w asprepar ed tLSlng a
ho m ogemiヱer･ t he sa mple w as storedat -80
0ctm也Iused.
Deter min atio n of enzyme activi中 a nd Este r 即 e a ctivity
slatningaPer”o n-derzatu ringE% G E
Esteras e activity staining after n o nJen a血 ngP A G Ew as
perfo m ed asdescri bedillthe se ctio nIJ-Ⅲ .
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Statisticala n alysis
Stude nt'sE-te st w aspe仙)r m edtodeter min e slgnifTIC 弧 C e
of difreren cbetw e enthegro upsinl恥iferase assays nd
reaトtim cP C Ran alysis. ”v alu eslessthan0.05 w eretake n
to be significa nt.
A11res ults are represe ntativ e oftw o orぬrecindepende nt
eXpen m e ntS･
C hemicals u sed inthis shldyw ere ofre agerltgrade 弧d
obtain edfm m c o m m e rcialso u rces.
ⅠトⅠトⅠⅠIResults
Enha n cem e nt of the pF10 m Ote r activity of ike
mCES2ge n ebye xpr e ssio n ofH N F-4a
T he e xpe n m e nt w asbegu n with lo okingfo r a
D R lele m e nt by u si ng S e ar ching pr o甚r a m Sfo r
tr an s c rlPt1 0 n fa cto r binding site s
(http://w w w.ge n e-r egulatio n･c o m/), As sho w nin
Fig. 1 A, the putativ e D R lele m e nt w a sfo u nd
clo s eto tr a n s criptio n sta rtsite, a ndthe n u cle otide
s equ e n c e w as v ery simila r to tho s e of DRl
ele m e ntsin the hu m a nir a n sthy柁tiTtge n e a ndthe
hu m a n apolipopT10tein C Illge n eto whichithas
been r epo rted thatH N ト4α c o uld bind【l15]･ Ne xt,
w epe rfo r m ed lu cife r a s e as s ays by u s mg thr ee
diffTer e nt c ell lin es･ Both HepG 2c ells a nd F L C 7
c els w er ederiv ed fb m hepato c a rcin o m a, but
HepG 2c ells e xpr es s ed endoge n o u sH N F-4α at the
higher le v els tha n that of F L C7(Fig. 1 B)I
Exp托 S Sio n ore ndoge n o u sH N F
-4α in V 79c ells
w as v e rylo w,ifa ny, sin c ethey w er ederiv ed fr o m
lu ng c a r cin om a･ In Fig･ 1 C, the re s ults of
lu cife r a s eas say sho w ed that the le v el of the
reporter a ctiv lty W asthe highestin HepG 2c ells
a nd alm o st the s a m ein F L C7c ells a nd V 79c ells
witho ut e x oge n o u s e xpre ssio n or H N ト4α ･ W ith
thefo r c ed e xpr e ssio n of H N F
-4α2
,
thelevelofthe
mC ES2ge n epr o m ote r a ctivityw as sign fica ntly
in c r e ased in allthr e e c ell lin e s. We als o tested
effe cts ofthe fo r ced e xpres sio n of H N F-4α8, a
splicl ng V ariant of H N F-4〔又2, o n the mC ES 2
Am C E S 2
Tr m s叫/化tbl
apoC III
汐1･濃 紺 ← 如
NIB 一斗
＋1
A G C r ( 紀 CT G甘GC A A ¢G T 甘C AT C C 7T A
- 璃妙 叫
TA G¢CÅ A G G T T C A
T G G G C AA AGG 甘C A
250 -
濫 柑 Z W-4c(
声2･rnお 感 触 地
F以汀 X[epGt2
pr o m ote r a ctivity･ 7)
Altho tlgh the e xte nt
of a stim ulation ofthe
冒
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h
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t
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f
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t
f
idty
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4α2, H N F-4α8c ould
als o signific a ntly
induc ethe a ctivity of
the 7 nCES2 ge n e
pr o m oter (data n ot
sho w n). To fu rthe r
e x amin e F Ole s ofthe
DRl ele m e nt o n
HNF14α2-drive n
tran s activ atio n ofthe p-1 36 8
7nCES2 ge n e
pr o m ote r, deletio n
a nd m utatio n an alys es
w er eperfo r m ed(Fig･
1 D a nd l E)･ The
plas mid, p-29,la cking
thr e e Gis elem entsthat
w e repo rted
pr e viously[131】still
po s s es s ed m uch
higher level of the
r eporte r a ctivity tha n
that of pG L3-ba sic,
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Rch dly cb d rc w JLCt叫 qbFe 柳 ed 叫
400
r18･l･ Tr p b - - 伽- . al e ”- S 2p eprt h Ob rbyI W
-4cL･ JhCo mpa ris o n of he nu cleotide s equ e n ce ofthe nC ES2 D Rlele m e ntwith the
kn o w nH N F-4abindin名D R 1ekrn cnts ofthehl n a nq m L9Eわrめ1 md thehm a n apoLtpop,DEeh C mgc n e s･ 血 o w sindi
c a tethe diEe Ctio n･ B･ Dete ctia l Of
H Zq-4a 既Pr eSion h F L C7c ens a nd t kpO 2c ellsbyRT
-P C R･ Pl-E N F一 触 a nd P 2-tI N F ヰcth dic 如 he c xIX eS Sbn ofis ofo m s regnlatedbyPIpro m o ter
a ndthckSe r egAmtedbyP2pro m ote r, r eSpecかely･ 蝕pr e ssio n orb- a nβ2-孤icroかbu rin w a s u sed as a n
.
mte rn al sta n血 d･ C, Effe cts ofH N F14a 2
exp,e s s王o n o nthekvdofthepr o m oter 舵6 vity･ The mCE S 2repo rterpla snid”
-138S)(200n由, aphR L-TKplas mid(4ng)Ia ndek h町 an e mpty Pla s mid
o r anH N F-4a2e xpr e ssio npla srnid(100ng)Ⅶ 耶 tr an Sic Atlytra n sfe cted 血th F LC 7Gens,V 79c alka ndrrepG 2cd ls･Symbots･(うand(＋)･
indic atethe
atx,E n C C mdthepr es en c e of 也e HNF-4a expre s sio nplas mid･ r呼 e Cdv ely･ E 血 v alu eisthe m e a n 士S D･ ofr el 血v e a cdvides(FF eay/R
u 'iE]a)fo r at l泌 t
thr e e sepa rate expqim c nts' e a chpe rfo r m ed
･
tntriplicate･ D, h dio n a h aly畠sh he mC E S2gen ePr - Oter･iAICife ra s e a s says ” q epqfo rTn edi且Z
iepG2
c ell5 aSde sc ribedabo v e. Na m e s ofplasznidar e sho w n o Dtheleftdde･ DRl, 0,Ea nd N h dic atethe 血e ctr epe atl･
aOC bo x･ a nE bo x a hd anN F･7<B
ele m enいe sPe Ctiv ely･ 玖 m utatio n zkS S ay forthe DRlekm 印t Ofthe nL:E S2gE n e･ Lu 血
se a says w e repqf m ed 払flepG 2cel k8Sdes cribedabov e. A
a ,c,s sindic ate sthe m tL(dio nintr o血 cedintothe D Rl ele m e nt･
.
弧 d 納 indic ate sta血tica11ysignifi也ntdiffer erLC e S CO mPa r ed withthe e m押 phs mid
げd 105a ndP<0･CX)5･ r e spe ctiv ely)I# indic ates a shtistic allysignifl C 弧tdi ffer en c ebt
w e entw oy o urs(P<0･05)I
5 6
al tho ugh the a ctivity le vel
w as slgnifica ntly lo w whe n
c o mpar ed withthat ofp- 163･
And p-29 sho w ed
responsiv ene ssto the fo r c ed
expre ssio n or HN F-
4α2. Fu rthe rdeletio n ofthe
D R lelem e nt c a u s ed gre at
lo ss ofthe pr o m ote r a ctivity
弧 d ofthe r espo n siv e n e s sto
H N F-4α2 e xpr e ssio n･
Co n siste ntly, m utatio n
intr odu c ed into the D R l
ele m e nt r es ulted in
r e m arkable r edu ctio nin the
le v el ofthe pr o m oter a ctivity
弧d r espo n siv e n es sto H N F-
4α2 e xpr es sio n. Together, it
w a s po s sible that H N F-
4αbo undto the D R lele m e nt
ofthe mC E S2gene.
LaJl¢
Probe
NllCIc ar extra cts
Competito r
Antibodie8
叫
*
4 5 6
mC 搭S之D R I W T
＋ ＋ ＋ ＋
mC 脱 mC ESヱ ÅPFI A P FI
D RI W T D RIM T W T M T
旺N F4a H S TFl
F払 2･ B h dl咽 Or INF･ヰq tot heD Rl eI触 均Ilor lhe nd:E S3 那 加 pr O m細 r･ 岱M SA8 W ere
perfo m cd u血gtheprobe. m C ES2D R IWT.in dl lanes. Oli80 ntIC)eo肘 ¢ c ompeGto 柑 WeFe
added w 地 50･LTolde x c e ss a m o u nts ortheprt)be 鵬fQllo w 買mC 防之D R I W r 主犯l独 e 乳
m CES 2D RIM r h la n e4. A P FI WT inlaJ1 85A nd A PF I M T inlaJ)86. AJ1也- H N F-4a 柵dbodi雌
(之JJg)a nd Ab也･ HST Fl& ntiW ic s¢FIE)w e r …dd8dtothe r BaLCtio n mixtt7Y)i払 hxLe7 織d h
hn 68. rBSPeC伽ely. T he ar m yi丑dic &te 8the c o mple x c o n払inin者H N fL4a Symbol丑,(～)姐d
(＋lindic&tcthe &bsenc … ndthe pre 鰍nC6 0f HepO2n u ckar BXtraCtS. W mP威tors or
孤tibodi執 珊8Pedjv ely. ABtB血k indic&触 叫 tl血 o w n comp]耽 . T his 8the r8PJY5 雑 n払dv e
d ぬfo rthr eeindeperLde ntas 訊yS.
Binding ofL W F 4a to the D Rlelem e nt ofthe
mC E S2ge ne
To de m o n str ate thatH N F-4a c od d bindto the
D R lele m e nt ofthe mC ES2ge n e, gel m obility
shift a s s ays(GMS As) w er eperfo r m ed by u sing
HepG 2 n u cle ar e xtr a cts (Fig. 2). T he
oligo n u cle o也depr obe c o ntaining theD R lele m ent
(mC E S 2 D R I WT)w asin c tlbated withthe n ucle ar
extr a cts, r es ulting in the fo r m atio n of two
c o mple x e s(la n e2)･ The up per o n e w as cleBLrly
dis ap pea red in the pre s enc e of 50-fblde x c es s
a m o u nt or e地er仇e s elトco mpetltO r O r也e H N F-
4a r e c ogmizing oligo n u cleotide(A PF I W T) (lan e s
3 a nd 5), but n ot either the m utated s elf-
c o mpetito r(m CE S2 D R I M T) n o rthe m utated
H NF-4α binding oligo n u cle otide (A P FI M T)
(la n e s4 and6). In thela n e s7 and 8, a nti-HN F4α
a ntibodies c o mpletely dis rupted the fo rm atio n of
the uppe r c o mple x, but a nti- HSTFl antibodies
railed･ Colle ctiv ely, the n u cle a rfa cto rinthe uppe r
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C o mple x w a s v e rylikelyto be H NF- 4α . On the
othe rh and
,
the lo w er c o mple x r e m ain ed to be
u nkn o w n
,
sin c ethis c o mple x w a sdis appe a redin
the pr es e n c e of eithe rA PFI W To rAPF IMT aJld
w a s stablein the pr e s e n c e ofa ntibodie stastedin
this as s ays(lan e s5, 6, 7 a nd 8).
Repre s sio n of the LWF 4a - m ediated
tra n sa ctiv atio n of the mC E S2pro m ote r by
o v e re xplle S Sio n ofS H Pa nd bile a cid
Extendingthe study, w e e x amin edthe effe cts of
e xpr e s sio n ofS H Pand C D C Ao n the H N ト4α -
m ediated tran s a ctiv a也on of the mC ES2ge n e
pr o m ote rbylu cifer as e as s ays. As sho w nin Fig･
3 A
,
the pr o m oter a ctivity of p
-1368w as
slgnifica ntlyr epr es s ed bythefo r c ed e xpr e ssio n of
S H Pand
,
similarly, the tra n s a ctiv atio n of the
pm m oter driv e nby H N ト4α2 w e r e r epr es s ed by
the c o-tra n sfe ctio nwi thS H P in ado s edepende nt
m a n ner. T his SH P- m ediated repr e s sio n w as n ot
obs eⅣ ed when p-1368 M T, the repo rte r c o nstn lCt
T
･
･
B
i
塞 訂
T
0
I
! 洲 心ユ ー - ＋ 十 ＋ ＋ - - - -
s 肝 - ＋ - . _ - 功一一曲癖 - . . . _ 叫 ■ 曲
0
'
･!
真
T
I
｢1
｢
- I
T
T
T T
T
E N P4a2 - - - - ＋ ＋ ＋ ＋ - - - -
c D C 九 - _ . _ 曲 曲 - _ 一曲■■由 一 _ . .一1■曲由
p-136 8 p-13 6 8 Mr
.
p
-13 68 p
-13 6 8 M r
F軌 3. 混qe ct& ofthe o v e r叩 re 8東o n or SF(Pand C D C Ao J)di eF O n Ote - C 伽ity of the 桝 C E S 2酢 旭 A, HepO2c ells Were
c &tr& nde cted with2 00喝 Orthe repo rte rPla mid(p13 85o rp-13 8 5 MT). 4ng ofthe ph R し T Ka nd l 冊ngoFthe H N F4a2
鱗Pr飴 如 叩l舶 midand/ordif触 cqt 抑 Ot m t OftheS 肝 既Pr e$ 8iorLpla -id(2 0. 40･80ng and 80喝 indicaled･by 血 n如 S 弛d
(＋Lrespectiy6Iy)･ Totd 弧 Oun t Ofpl舶 midwa s8dju stcd to3 04ngbyu 8ingthe e m肘 e XprC$ 8ion plaLS mid･ Ea chvalu eisthe m e a n
土鼠D . o( thcifoldactivationro r也r餌 indep6nd6 nt a My8 tOWa rd8therela6ve 舵tiyity(fircny/柑 nuta)obtairLed TJt'm P-1385 do n cI
a, HepO 2o elb w 脈 CO-tr 弧de ctedwithtbcirepo rte rP)舶rnid(㌢13 8?)･ 4ngof 鮎ph R LrT Ka nd l 00ng ofeithe rthe e mpty
ptaBni dor the H NF4a2exp欄 如 n 内 郷 nid. A fter3 h inc ubatio n. eithe r v ehide(D M S O)orC D C A(50yM･75〃帆 and l 00〃M･
indiated byt血 如 8)w 村 ad dcd to the mcdi - 払 chv ah¢i8th¢ m C a n土S･D ･ of 血cfold拡 6vado nfo rthrt *ind 甲 ndcn(a s says
to w打 由 the r8lativciaCdvity(fimny/r e nuta)obtain ed r｡ mp-138 5alo n e･ 事indic atc8 Sta 由tica11y8igni ficiLntdi Weir e n C6 Sbetw ee n
tw o蛋r O uP8(p也 OS).
ha rboring the m utatio nin the DRl ele me nt, w as
u s edin die S a m eluciferase a s s ay syste m. In Fig･
3 B
,
o n e ofthe mainpn m arybile a cid, C D C A, w as
e x amin ed whetheritc o uld repr es sthe a cdvity of
the mc E S2ge n epr o m ote r･ T he r es ults show ed
thatC D C Ac o uldstr o nglyde cr e a s ein thelevelof
the mCES2pr o m ote r a ctivityasw ellasthatdriv e n
by the fo r c ed e xpr e ssio n of HNF
-4a2in ado s e
depende nt m an n e r･ Again, the r epre ssiv e effe cts of
C DC Ao nthe mC E S2ge n epr o mote r a ctivitywe r e
appar e ntlydepende nto nthe e xiste n c e oftheinta ct
D R lele ment.
EHe cLs ofC DCA o nthele v el ofexpre ssio T1 0fthe
mCES2ge n einILR2c ells
To test the po s sibilty that C D C Ac o uld affect
the e xpr es sio n ofthe mCES 2gene,the c ell lin ein
which endoge n o u s mC E S 2w as e xpre sed w as
r equired･ As sho w nin Fig･ 4 A, the re s ults of RT
-
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P CR analysis and e ste r as e a ctivity smining after
n o nJe n aturing 払 G E sho w ed that m o u se
im m o rtalized c ell lin e, T L R2c ells, e xpre ss ed
m c ES 2mR N Aand pr otein, a c c o rdingly T L R之
c ells w er etre ated with C D C Ao rits v ehicle
(D M S O). Intheleftpan elin Fig･ 4 B, the e xpo su re
ofT L R 2c ells to D M S O in their m ediu m c od d
s o m e whatbut n otsignifica ntlyaffe ctthele v els of
mR N A of ally ge n este Sted thr o ugho ut the
e xpen m e nts･ In c o ntr ast, the e xpo s u re ofT LR2
celsto C D C Aledto atr a n sie ntindu ctio n ofS H P
mR N Ae xpr e sion with the peak tim e at6 hafte r
the addito n. Then, the le v el of e xpr e sio nS H P
m RNA got gradualy de cr e as ed to the minimal
(Fig. 4 B, clo s ed squ ar e sin the rightpan el)･ T he
lev el of mC ES2mR NA expr e ssio n w a sn ot
m arkedlycha nged until 12hafterthe additon･but
afterthat, it w a s s ubstantialy de c re as ed to the
appr o xim ately o n ete nth ortheinitial le v el(open
squ ar es). Intere stingly, the lev el or H N F
-4α
EstLL m S eactivity stAInj噸 AFter n ond e M ItLWIn粥 P A (認
mR N A e xpr e ssio n
c o ntin u edto de cr e a s eto the
minim alatthe e arlystage of
exposure(closedcircle s).
Theintdn sic cytoto xicity
or C D C Aw as m o nito red by
the deter min atio n s of the
c ellviability a nd the le v el
ofthele akage of LD H into
the c ultur ed m ediu m. T he
c ellviability w a sthe sam e
le v el betw e e ntw o gro ups
(m or ethan 95 %). Thelevel
of L DH activity in 也e
m edium w er e slightly
higherin the gr o uptre ated
with C D C Atha nthat orthe
o netreated wi仙D M S O,but
the s ele v el? w ere les stha n
7 % of the totalLDH le v el
e xistedinT L &cells. T hu s,
itis tho ught that to xicity
w asnotsignific ant.
Res c u e of mC E S2mRNA
e甲11e SSio n by e x oge n o u s
e xpreisio n of 即 -4a
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H N ト4α expresio nvecto r
w a str a n sfe cted with T L R 2
c ells 12h afterthe additio n
of C D C A
,
r es ulting l nthe
in c r e a s ein the lev els of
H N F-4a mRNA e xpr es sio n
in the c els at24 hand 36h
when co mpar ed withtho s einthe
c ell tr a n sfe cted with e mpty
ve ctor(to 1.8-folda nd 1.5-fold,
r espectiv ely)(Fig. 4 C intheleft
pa nel)･ Co n c o mita ntly,thelevels
orm CES 2m RNA e xpr e ssio nin
the c ell tr a n sfected H N F-4q
e xpre s sio nvecto r w e rin c r e a s ed
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JLg. r e SPe Cb ely)wa slo mi d:Ms. m o IJS eliv c rmicr o s o m e spr epa rdpre viously【5). Arro w…iths oh d 血ea nd d 血ed lin eindicat8 言
n CES2prot血 aJldmCES Ipr otein . respec6v¢1y･ Astcdsb indic 3(e unkn o w nC E S isozym 6S･ a.T he alte rationofmC ES2. S 11P弧d ～1
H N F-4a mR N Ae xprc s如 nby廿
･
catm e nt of D h4S OQ TC D C A.Time = 0w a s set a=betimejt旭tbefo re血 ad d 紬o na Dh4S Oo rC DCA弓
(45pM)I The mRJ u弧 0 ⅦtW 裾detemin ed byT叩 1a nRe al- 血 ePCRIThe-iln epOint” hcnthe c eL15 WereCOueCtedw q eh dica世d∃
belo wthegr aph, The ano t n† ofea血se n e m脚 ^wasn o r malized by thatof18s rR N A.The v alu e s ofe adlgene arcthe m cm 土S.D10C
foldc 血 gefo rthre eindepende nta ss野Sto w a rdsthe valu e obtainedatT 血e = 0.T his s 血e repr cs 孤ta加 e re sultfo rthre eind甲 1deAt
･
cxpe血 ents[叫 n 叩 a re, 孤 C E Sm R N A;s olidsq悦 re. S apmR N A;8 01idcirdc, H N F･ヰ¢ m R N A_ C. re s cu e ofmC ES2m RN A
耽Pr e SSionbye x oge n o tts expre ssio n of = N F 血 in C D C At7edcdcdls Eitherthe e mpty pla smi d(PT A R G E T)(2L5yg)orthe 脚 FAd
expressio npla smi d (R N F-4α中T A R(コE r) (2,5J 6)w a s廿 a血e ctedwith T L R 2cdlsat12 haftertheuldidon ofCD CAto血e md utn
Total R N Aw a s e末也 ctedat2 4 ho r3 6 haftc rthe additio n.Thedcte rT ni a血 n ofthe a m o tnofmC ES2m R N a^nd FI NF,4q mR NAVl
dcs cri bcdabo v e.T he valt] e s oI H N FJ h m RN A le v ela ndm C ESm R N A le v el in the c ch tr a nde etcdwith H N F･4(坤T^ R(コF rw erC血
m e az1 0f foldcha ngeto w a rdstho se obt血 ed inThe c ellstr a n sfe cted withpT A R O Er. r especdv ely
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toI.4-folda nd13jold at24ha nd 36hafterthe
addito n of CD C A, respectiv母Iy(FIE. 4C in the
rightpa n el)･ The s e r es ults sho w edthat thelevelof
mC ES2 mR NA e xpr e ssio n w e r e app r e ntly
c o rrelatedtothatofHNト4a mR N Aexpr e ssio n
Il.ⅠトIV Dis c u s sio n
*
In the begin n i ng part Of o u r w o rk, w eha v e
dem onstr ated ou rinitial hypothe sis thatH N ト4α
c a n dire ctly tran s acdv at昏 the mC ES2 gen e
pro m otc r･Irlthe s e c o ndpa rt, ou r resultsha v e als o
sho w edthata n uclearfa cto r c a s c adetrigge r edby
bile a cid sIEn al c otlld als o affe ct m CES2
e xpr e s sio n･ To o u rbestkn o wledge,thisisthefirst
timeto sho wthein v olv e m e ntorntl Clear recepto rs
inthetr a n s criptio n ofthe CESge n c s･
Se v eね1 H N F-4αis ofo r m s ar ekn o w n, H N F-4aI
a nd H N F-4a2beingthepr edo min 弧tfo rmsinthe
adultliv er while H N F-4a7 a nd H NF-4α8 being
tho s ein thefeta1 liv e r[117, 132]. And H NF-4a2
expression
･is m o r e abu nda nt 弧dshow edstr o nger
tr a n s a ctiv a也o npote ndaltha ntho se ofH N ト4al
【132, 133]. T hu s, w e u s ed H NF-4a2cD N Åclo ne
in a s erie s ofe xpc n m e nts･ Inhepato は rCin o ma c ell
lin e s, thele v elof H NF-4α e xpre s sio nvaried fro m
c elltype s･ T aking adv aJltage Ofthisfa ct, w e u s ed
tw ohepat w cino m a c ell lin es(HepG 2cells and
r L C 7c ells)in addito nto HN F-4a n egativ e c ell
lin e s(V 7 9c ells)to e x amin e effe cts ofe ndoge no us
H N F･4α e xpres sio n o nthe pr o m ote r activity of
the mC ES 2gene･ The r e s ults sho w l ng that the
le v el of e ndoge n ous a nd e x oge n o u sH N F
-4α
e xpr e ssio npa J
･alle edthe m CES2pr o m ote r a ctivity
indic ated dir e ctin v olv e ment or HN F-4a in the
m C ES2pr o m ote r a ctiv atio n･
The r e sults of the followl ng e XPe n m e ntS
indicatedthatHN F-4α bou ndtothe D R lelem e nts
in the m CE S 2ge n epr o m ote r･ T he D R lelem e nt
w a slo αtedin adjac e nt to the tr a n s c nptl O n Start
site･ T hispo sitio nl ng Orthe D R lele m e nthas also
be e n r epo rted in the m ous ev e rylo ng chain a cyL
-
CoA 叩nlha s e- 柁Iaied 酢n e[134]･ It w a s repo rted
地atH N F-4α c o uldinte r a ctwith T n IB払ndr e c ruit
itto the pr om ote r c o mple x, le adingto form the
preinitia由o ncomple x a ctin甚do w n s触 a m of T円IB
【135];thu s, H NF-4α m ay play a nimpo rta ntr ole
indetermin atio n oftr a n scriptio n ぬ rtsite ofthe s e
genesintheliv e r. Colle ctiv ely,thein v olv e m e ntof
H N F-4伐inthetr 弧 S a C也v a触n ofthe mCES2ge n e
pr o m ote r WOuld be the m e cha nis m by which
m CES2 i点 eXPreS 紙d in theliv er athigherl即els
tha nin othe rtiss 聴 S, 由n e eH N 糾収 h舶 been
sho w ntofu n ctio n as atr a n s c軸 触nala ctiv atorfo r
tis s u e-spe cific gc n e 既Pr C S如 n s 【136, 137]･
Altho ugh additio nd e xpe n m 昏nt a redefinitely
n e eded
,
this c o nte xt m ay be e xt餓ded to
intc rpr etado n of the high le v el of mC弘之
expr es sio nimthe ki血ey 弧 ds m 劫llim随stin e sirle 昏
HN ト4a is als o e xpr 朗S ¢d in thes etis stl¢ atthe
high le v els.
Bile a cids ho m e o sta sisis 畠山cdy r喝ulated by
v ario u s n u cle arfa cto rs. A m o ngthe m, S”P, which
is indu c ed byfa m e s oid X re c甲tO r(FX R), has
be e n sho w ntoplayI mpo rta ntr ole sin the n egativ e
fe edba ck r egula也o n of bile a cid bio synth畠is a s
w ellasin the r epr es sio n ofother rne 肋 Iism.by
inhibi 血g tr a n s a cdva血o n of v ario u s mld飽 r
fa cto rs【127, 138-141】. Itha sbee n reportedthat
the tr a n s criptio n如 potential of HN F 4q c a nbe
dir e ctlyr epr es s ed bySHFT, sho w ingthato n e ofthe
ta rgetsfo rS H Pw asH N F
-4α 【125]･ Giv e nthes e
facts
,
w ehypothesizedthatbile ad dc o uldr ep托 S S
e xpr essio n ofthe T nC ES2ge n ebyinhibitingH N F
-
4a _ m ediatedtr a n s a ctiv atio n.
To e x a min e effe cts of bile a cido n e xpr es sio n of
the mC ES2ge n e, w e used C D C A in the
e xpen m e nts sin c eC D C Ais one of the pn m a ry
bile acid, a nd C D C Aa nd its c o njugated
derivativ esha v ebe e nide ntified asgo od liga nds
fo rF X R[142,143]. T he mC E S2pr o m oteractivity
e nha n c ed by H NF-4α w a sgr e atly inhibited by
S H Pa nd C D C A in the D R lelem e nt depe nde nt
m a n n er
,
which indic ated that no otherH N F-4α
binding site a s wella sthe site Fo r othe rFa cto rs
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that c o uld betargetfo rS u pa nd
C D C Aw as e xisted in this
mC E S2pr o m ote r r egi o n. Thes e
r e s ults areinter e sti ngbe c atlS eit
has be e n sho w n that C D C A
tnggers s e v eral slgn aling
pathw ayl n additio nto the FXR-
S H Pc a s c ade a sdisc u s slngbelo w.
A ltho ugh the po ssibility that
ther e a re s o m ebile acid
r espo n sive ele m e ntsinthedista nt
r egulato ry reg1 0 n Of the mC ES2
ge n e sho uld be c o n c e m ed, the
H N F-4α binding site in the
mC E S2pr o m oter r egio n appe a rs
to be impo rta nt do w n str e am
ta rget fo r bile a cid slgn als･
Tbe refbr e
,
w e s ubs equ e ntly
C
T L 托ユcc11
隻
桝C
'Eぷ
Fk. 且S 叩 TtBe ryOr 仙七 ItbeCh& れJ9r出 byw払血 C DC Ar甲r W 脚 tbe mCES2酢 伽 e XPr - kh Symbd8,(＋)a由(I).indc ated16
a cdv atio n andtheinhibit如 ofthege n etn xw cdp貞on. r 雌Pe Ctivdy･ Cp ar7t)” ?indic ate 伽in ㈹ 如 O rde cfB 効Seinthol併 ¢1ofpr oぬ
c xpre s血n. Symb d(?)indicates 祖 lmi 血 成cdp血 way･
e x amin ed whether C D C Ar epr es s ed e xpr e s sio nof
the mCES2genein c ells.
M o u s cim m o rtaliz ed hepato cyte, T L R 2c ells,
w asfirst identified a s the cel lin e expres sl ng
m C ES 2. The c o n c e ntr atio n of C D C A in the
m edium (45yM)wa s w el withinthe physiologic
intr a c ellular r ange r epo rtedin viv o[144,145]･ The
e xperl m e ntS u Sl ngT L R2c ellspr o videdthe results
indic atlngtbat 也er e a retw opathw ays by which
mC E S2tr a n s c nptl O n W a sinhibited
.
,
one w as
cla ssical F X R-S H Ppathw ay and a n other w a sthe
bile a cid- m ediated r epr e ssio n of HN F
-4a
e xpr e ssio n (s u m m ariz ed in Fig. 5)A T he
in v olve ment of F X R-S H Ppathw ay w a sin go od
a c c o rdan c e with the re s ults sho w l ngthe r epr es sio n
effe cts of S H Pa nd C D C Ao nthe mC E S2pr o m ote r
a ctivity. Un e xpe ctedlya ndinte r e stingly, w efo u nd
that the am o u nt of H N F-4a mR N Aw asde c re as ed
in C D C Atr e ated c ells a nd the do w n-regulatio n
w as obs e rv ed frQ m the e a rly stage s of the
expo s u r e. Co n sidering the re s ults that e x oge n o u s
expres sio n ofHNF-4α co uld partialy re s cu ethe
r epr es siv e e xpre ssio n of mC E S2mR N A, this
reductio n ofthe a m o u nt or H N F-4α w o uld als o
c o ntribute to the bile a cid- m ediated de cre ase in
6 1
thele v el of the m C ES 2mRNA e xpr e s sio n･ There
ha sbe en o nlyo n e r epo rtthat thele v elofH N F14α
e xpres sio n w asde creas ed bytre atm e nt ofbile a cid
【127]. We did n otha ve a ny e xpe rim e ntal re s ults
s uppo rtl ng this r epre s sio n, but w e spe c ulatedthat
mitogen - a ctiv ated pr otein kin a s e (M A P K)
pathw ay w asinv olv ed inthe r epr e s sio n of H N F-
4a expr e ssio nby bile a cid･ T he in v olv e m e nt of
S H P inthis repressio ns e em s u nlikelybe c a u s ethe
repres sio n wa s obs e rv ed in the e arly stage whe n
S H Pw as n ot fully indu c ed. T hu s, this r apid
respo ns e of HNF-4α m R N Ae xpr e ssio n m ay be
a c c o u nted fo r by the in v olv e m e nt of kin as e
signaling pathw ay. It ha s be e n r epo rted that
tr e atm e nt of M A PK inhibitor res ults in the
in c r e as ein thele vel of HNF-4α expre ssio n[14 6]
and that bile a cidc a n a ctivate M A P K【14 7】.
Altho ughfurther studies ar e ne eded to elu cidate
ho w H N F14α e xpre ssio nis r epr e s s ed bybile a cid,
the r e s ults orthe pr e s e ntpathw ay c o uldpr o vide
an other pathw ay by which bile a cidc a n r epr e s
v ario u shepaticgen e s･
In co nclusio n, o u r r e s ults ha v ede m o n str ated
that H N F-4(又 C an Str O rlgy tran s a ctiv ate the
mC ES2gen epr o m oter, and the involv e m e nt of
H N F-4(x m ay a c c o u nt for the high expre s sio n
level of mC E S in theliv er. Ⅰ■n addito n, w eha v e
foundthatbile a cid c a n r epr e ssthe mCES2ge n e
tr a n s c npt1 0 n by repre s si ng H N F
-4(菟- m ediated
tr a n s a ctiv atio n. P hysiologic al signific a n c ein this
repr e s sio n is c u rre ntly u nkn o w n･ Ho w e v e r,
m C ES 2c a nhydr olyz e v ario u sendoge n o u sfatty
a cid esters a nd a r epredomin a ntlye xpr e ss edinthe
liv er, kidn ey, and s m allintestin e, tiss u e sthat ar e
e xpo s ed to slgnifica nt bile a cid nu x e s a nd in
◆
which F X Ris also m o st abu nda ntly e xpre s s ed
r148, 149]. The refo re, the r epr e s sio nislikely to
r ene ctphysiologic al Fu n ctio n s ofmC ES 2inlipid
m etabolis m
,
a c c ordingly mCES2 might play
impo rta ntr ole sin bile acid hom e o sta sis orinthe
s ec onda ry re spo n s e sto bile a cid signals, su ch as
the inhibitory effe cts of bile a cid o n v ery
-lo w-
de n sitylipoprotein s e ctio n･ Fu rthe rdetailedstudy
amid at the elu cidatio n of the physiologic alroles
ofrnCES2w o uldpr o videimpo rta ntinsightsinto
lipid m etabolis m･
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Co 汲血 sio 汲
1･ D E E P-indu c ed m ous elivertem o c april hydr ola s ebelo ngs to c arbo xylesterase 1 fami ly, ter m ed
mCE S l.
2･ m C E SIc anhydr olyze v arious pr odrug, sugge sting that mC E SI plays impo rta nt r ole sin dr ug
m etabolis m.
3･ De x am etha s o n e-induc ed r at liv er m ethylpr ednis olon e he misuc cin ate hydr ola s e belo ngs to
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